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EXECUTIVE SUMMARY 

  
 
 

 
 
 

his Panel has reviewed the U.S. stake in 
international cooperation on energy inno-
vation, the complementary roles of the 

public and private sectors in pursuing such co-
operation, and the existing array of activities 
being carried out by the Federal government to 
this end.  Based on that review, we conclude that 
existing Federal programs for energy coopera-
tion—which were funded in FY 1997 at less 
than $250 million per year—are not commensu-
rate with either the needs or the opportunities.  
We therefore recommend substantially strength-
ening these programs—expanding their cover-
age, increasing their funding, improving the 
processes for their evaluation, and providing for 
them an over-arching strategic vision and a 
mechanism for coordinating its implementation.  
  

We propose specific initiatives for 
strengthening the foundations of energy-
technology innovation and international coop-
eration relating to it (including capacity build-
ing, energy-sector reform, and mechanisms for 
demonstration, cost-buy-down, and financing of 
advanced technologies); for increased coopera-
tion on research, development, demonstration, 
and deployment (RD3) of technologies govern-
ing the efficiency of energy use in buildings, 
energy-intensive industries, and small vehicles 
and buses, as well as of cogeneration of heat and 
power; and for increased cooperation on RD3 of 
fossil-fuels-decarbonization and carbon-seques-
tration technologies, biomass-energy and other 
renewable-energy technologies, and nuclear fis-
sion and fusion.   

 
Most importantly—for without this none 

of the other initiatives we propose are likely to 
achieve their potential—we recommend creation 
of a new Interagency Working Group on Strate-

gic Energy Cooperation, under the auspices of 
the National Science and Technology Council, 
to provide a strategic vision of and coordination 
for the government’s efforts in international co-
operation on energy-technology innovation. The 
government’s contribution to this expansion of 
international energy cooperation activities would 
be provided by a new Strategic Energy Coopera-
tion Fund, amounting to $250 million for 
FY2001 and increasing to $500 million in 
FY2005, the proposed allocation of which to the 
relevant agencies in the President’s budget re-
quest would be determined with the help of the 
Interagency Working Group. 
 
 

 
U.S. interests and values at stake in energy 

can only be effectively addressed  
in a global context 

 
 
 

 
nergy is tightly linked to U.S. economic, 
environmental, and national-security inter-

ests. 
 

♦ U.S. economic interests in energy-tech-
nology innovation include controlling costs 
of energy to U.S. consumers and industries; 
avoiding inflation and recession (in this 
country and worldwide) from oil-price 
shocks; limiting the impact of energy im-
ports on the U.S. balance of trade; expand-

T
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Cooperation on Energy Innovation 
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ing the market share of U.S. companies in 
the multi-hundred-billion dollar per year 
global energy-technology market; and en-
hancing long-term markets for other U.S. 
exports by building the energy basis for sus-
tainable prosperity in developing and transi-
tion economies. 

 
 

 
U.S. economic interests in energy-

technology innovation include expanding 
the market share of U.S. companies in the 

multi-hundred-billion dollar per year 
global energy-technology market 

 
 
 

♦ Environmentally, accelerated energy-tech-
nology innovation can increase the pace and 
decrease the cost at which high-environ-
mental-impact technologies and practices 
are replaced with low-impact ones in the 
United States and abroad.  This will reduce 
the health impacts of air pollution and the 
ecological effects of acid deposition in this 
country and elsewhere, improve the safety 
of nuclear reactors everywhere, reduce oil 
spills in the world’s oceans, slow the pace of 
greenhouse-gas-induced climate change, and 
help create a framework for long-term coop-
eration on the energy/climate challenge in 
which developing, transition, and industrial-
ized countries alike will participate. 

 

♦ U.S. security interests in energy-technology 
innovation include reducing the potential for 
conflict over access to oil and gas resources; 
minimizing links between the use of nu-
clear-energy technologies and the acquisi-
tion of nuclear-weapons capabilities by na-
tions of proliferation concern or by subna-
tional groups; and avoiding, for all coun-
tries, energy problems with economic, envi-
ronmental, or political consequences severe 
enough to aggravate or generate possibilities 
for armed conflict. 

 

♦ Not only U.S. interests but also basic U.S. 
values—respect for human dignity and hu-
man rights, belief in equity and opportunity, 
commitment to assistance for the least fortu-
nate and to stewardship for future genera-
tions and for the environment—dictate U.S. 
leadership in international cooperation on 
energy innovation for sustainable develop-
ment. 

 
.S. interests and values at stake in energy 
can only be effectively addressed in a 

global context.   
 

♦ The problems and opportunities related to 
oil, energy-technology markets, nuclear pro-
liferation, climate change, and develop-
ment/security interactions are all inherently 
global.   

 

♦ Effective responses to these issues must take 
into account the globalization of capital 
markets, manufacturing, innovation capaci-
ties and activities, and information flow. 

 
 “business as usual” energy future—without 
rapid technological innovation and in-

creased cooperation to diffuse the results 
worldwide—would be problem-plagued and po-
tentially disastrous.   
 

♦ World energy demand under business-as-
usual would double from its 1997 value by 
2025 or 2030, triple by 2050 or 2060, and 
more than quadruple by 2100; by far the 
largest part of this growth would take place 
in the countries currently classified as de-
veloping. 

 

♦ Oil imports, oil prices, and the potential for 
oil-induced economic disruption and conflict 
would all rise.  

 

♦ U.S. understanding of, access to, and crea-
tion of products for global energy-
technology markets all would become in-
creasingly inadequate.  

 

U 

A
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♦ U.S. withdrawal from nuclear energy-
technology innovation and cooperation 
would reduce U.S. leverage to minimize nu-
clear energy’s global safety and proliferation 
risks. 

 

♦ Attempts to fuel the bulk of developing-
country economic growth with conventional 
coal and oil technologies would create a col-
lision between economic aspirations and the 
environmental underpinnings of well-being, 
with the potential to wreck both. 

 

♦ The atmospheric concentration of carbon 
dioxide under business-as-usual would be 
likely to reach 3 times its pre-industrial level 
by 2100, an increase regarded by most cli-
matologists as well beyond the bounds of 
prudence. 

 
 

 
U.S. security interests in energy-technology 

innovation include avoiding, for all  
countries, energy problems with economic, 
environmental, or political consequences 
severe enough to aggravate or generate 

possibilities for armed conflict 
 
 
 

lthough aspects of the energy future are in-
evitably uncertain, within a wide range of 

possibilities the acceptable outcomes all require 
major innovations in energy technology in order 
to: 
 

♦ lower the energy intensity of economic ac-
tivity, thus reducing chances that constraints 
on expanding energy supply will constrain 
economic growth, reducing the pressure of 
high energy growth to use higher-
environmental-impact sources along with 
lower-impact ones, and reducing environ-
mental impacts of the energy-supply system 
overall in proportion to its size;  

 

♦ lower the emissions intensity of energy sup-
ply with respect to greenhouse gases, par-
ticulate matter, and gaseous precursors  of  
regional smogs, hazes, and acid deposition 
(SOx, NOx, hydrocarbons); 

 

♦ reduce, below what they would otherwise 
be, the monetary costs of delivering energy 
services in environmentally sustainable 
ways; 

 

♦ broaden the range of energy options avail-
able to the United States and other countries, 
thus increasing the capacity of the national 
and global energy system to cope with the 
inevitable surprises. 

 
.S. participation in international coopera-
tion in pursuit of these innovations is 

clearly needed to: 
 

♦ increase the pace and lower the cost of U.S. 
acquisition of the innovations it needs for it-
self; 

 

♦ gain access for U.S. firms to the large over-
seas markets for innovative energy tech-
nologies; 

 

♦ address the global dimensions of energy 
challenges by accelerated development and 
deployment of innovations worldwide. 

 

 
he private sector already plays a large role 
in energy-technology innovation and in in-

ternational cooperation relating to it, and this 
role is growing over time. 
 

♦ The large role is evident in the size of the 
private shares in U.S. total R&D (about 65 
percent private in 1997), U.S. energy-
technology R&D (about 60 percent private 
in 1997), and global North-South capital 
flows (about 85 percent private in 1997). 

A
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♦ Growth in these private roles over time re-
flects trends in privatization and globaliza-
tion of the world economy and in the priva-
tization, deregulation, and restructuring of 
the energy industries. 

   
here remains a need for government in-
volvement because the public interest in en-

ergy outcomes goes beyond the sum of perceived 
private interests. 
 

♦ Privatization, deregulation, and restructuring 
of energy industries help bring private capi-
tal into the energy sector, but these same 
forces can lead to neglect of the ways the 
composition and operation of energy sys-
tems affect the wider public interest (includ-
ing meeting the basic needs of the poor, as 
well as addressing the other macroeconomic, 
environmental, international-secur-ity, and 
values issues listed above). 

 

♦ Many of these public interests will only be 
adequately addressed if investments in en-
ergy-technology innovation are made with 
longer time horizons (lower discount rates) 
and less risk aversion than the discount rates 
and degrees of risk aversion prevailing in 
the commercial marketplace. 

 

♦ The gap between what the private sector 
does and what society’s interests require is 
further enlarged by a variety of barriers to 
efficient market performance, which may 
include inadequate information, excessive 
concentration or fragmentation in markets, 
high transactions costs, and more. 

 

♦ Additional rationales for government en-
gagement include complementarity of gov-
ernment and private capabilities and the de-
sirability of reducing the deleterious effects 
on international energy-technology coopera-
tion of existing government policies (includ-
ing not only those focused on energy and 
environmental issues per se but also trade 
policy, foreign policy, intellectual property 
rights policy, and so on). 

 

overnment interventions should nonetheless 
always be cognizant of the large and grow-

ing role of the private sector, whose resources 
for energy-technology R&D somewhat exceed, 
and whose resources for energy-tech-nology 
deployment far exceed, those of governments.  
This means that government initiatives in ERD3 
should be:  
 

♦ structured to encourage, catalyze, and com-
plement the corresponding activities of the 
private sector, not replace them; 

 

♦ focused on lowering specific barriers or ad-
dressing specific shortfalls relating to the 
private sector’s incentives and capacity to 
fully address society’s interests in energy 
innovation; 

 

♦ designed to be limited in the rate and dura-
tion of the government’s investment, with 
specific criteria for terminating projects that 
fall short and for handing off successful 
ones to the private sector.  

 
here is a wide array of mechanisms through 
which the government can support interna-

tional ERD3 cooperation, including participation 
in, funding for, or other encouragement of coop-
erative efforts in: 
 

♦ the conduct of fundamental energy-related 
research and applied energy-technology 
R&D; 

 

♦ demonstration and niche and pre-
commercial deployment of innovative en-
ergy technologies; 

 

♦ shaping the environment for commercial 
deployment of innovative energy technolo-
gies—increasing incentives, lowering barri-
ers (especially in relation to finance), and 
setting appropriate standards—to reflect 
their public benefits;   

 

♦ capacity building, integrated assessment, 
and institutional innovation in support of 
these approaches.  

T 

G
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xisting U.S. government activities in inter-
national ERD3 cooperation are significant 

and often effective, but they are insufficient in 
relation to the challenges and the opportunities.  
The deficiencies are in scale, comprehensiveness 
and appropriateness of matching mechanisms to 
needs, coordination, and evaluation.   
 
♦ A study conducted by RAND for this Panel 

indicates that Federal government spending 
on international ERD3 activities by DOE, 
USAID, EPA, and the Nuclear Regulatory 
Commission in FY1997 was about $230 
million, more than half of it on fusion and 
fission.  

 

♦ The international ERD3 activities of these 
agencies, while generally well focused and 
effective, are inadequate in relation to the 
opportunities and insufficiently coordinated 
with each other and with the efforts of the 
other Federal agencies engaged in the fi-
nancing of energy-technology deployment, 
which include the Ex-Im Bank, the Trade 
and Development Agency, and the Overseas 
Private Investment Corporation. 

 

♦ There is neither an over-arching strategic 
vision integrating and ensuring the compre-
hensiveness of the array of Federal activities 
on international energy RD3 cooperation nor 
a mechanism for implementing such a vision 
in a coherent and efficient way. 

 

 
e believe that initiatives in four catego-
ries—foundations of energy innovation and 

cooperation, energy end-use efficiency, energy-
supply technologies, and management of the 
government’s activities in support of ERD3 co-
operation—are required to narrow the gap be-
tween the Federal programs that exist and the 
needs they seek to address.   
 

♦ Each category contains three to four initia-
tive clusters.  The elements that the Panel 

agreed deserve highest priority in each clus-
ter are described in this Executive Summary.  
The body of the report expands on these 
high-priority elements and presents other 
elements that the panel regarded as impor-
tant.    

 
 

 
Existing Federal Programs for energy  

cooperation are not commensurate with 
either the needs or the opportunities 

 
 
 

♦ All of our recommendations proceed from 
the presumption that the recommendations 
of the 1997 PCAST study of U.S. domestic 
energy R&D programs are being imple-
mented. Effective international outreach 
must have sturdy domestic roots. 

 

♦ Estimated budgets are provided here at the 
level of the initiative clusters—covering 
both the “high priority” and “other impor-
tant” elements in each—in the form of an 
initial funding level for FY2001 and a level 
for FY2005 (in as-spent dollars).  These fig-
ures are intended to be supplemental to ex-
isting budgets for international ERD3 activi-
ties and to the budgets proposed in the 1997 
PCAST study for domestic energy R&D 
programs; and they are intended to cover 
both the “high priority” and “other impor-
tant” initiative elements described.   

 

♦ The great diversity of technical options and 
even greater diversity of geographic, eco-
nomic, and institutional environments in 
which these options might be applied made 
it impractical, within the limited time and 
resources available for a study of this kind, 
to develop a fully comprehensive and priori-
tized set of recommendations for all of the 
cooperative activities that could and should 
be done in the decades ahead.  But we be-
lieve what we are proposing here constitutes 
the core of a sensible program for the next 
five years. 

E 

W
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♦ The list of high-priority opportunities we 
present here is based on a preliminary at-
tempt to take into account the potential lev-
erage of different options against U.S. inter-
ests and values affected by the energy chal-
lenges in different regions and worldwide, 
the likelihood of success based on the 
strengths and experience the partners would 
bring to the prospective cooperative efforts, 
the timeliness of the efforts in terms of win-
dows of opportunity and maturity of needed 
technical and institutional ingredients, com-
plementarity with private-sector efforts, and 
likely cost-effectiveness.   

 

♦ Success in international cooperation depends 
strongly on engagement of all of the partners 
and technology users, from the beginning, in 
defining goals, outlining tasks, and setting 
priorities.  While our recommendations have 
been developed in consultation with experts 
from many other countries, the details of 
what specific projects should go forward at 
what levels, under the auspices of what U.S. 
agencies, with what partner countries and 
institutions will need to be worked out with 
the help of an interactive process in which 
the agencies, the Interagency Working 
Group described further below, the foreign 
partners, and the users are all involved. 

 
he first category of initiatives comprises 
measures to build stronger foundations for 

energy-technology innovation and interna-
tional cooperation relating to it.  It consists of 
initiative clusters focused on capacity building, 
energy-sector reform, demonstration and cost 
buy-down, and financing. 
 

♦ The capacity-building cluster, designed to 
prepare the ground for rapid and sustainable 
energy-technology innovation, is recom-
mended for funding at $20 million per year 
in FY2001, increasing to $40 million per 
year in FY2005.  It contains as high-priority 
elements:  

 
 (1) increased support for existing regional 

centers for RD3 of sustainable energy 
options (such as the PROCEL national 

electricity-conservation program in Bra-
zil, energy-efficiency centers in Eastern 
Europe and Russia, and other centers in 
Africa, Asia, and Latin America) and es-
tablishment of new sustainable-energy 
centers in regions with significant need 
that cannot be met by other means;  and  

 
 (2)  expansion of existing—and develop-

ment of new—training programs for en-
ergy analysts and managers, to include 
traveling workshops and internet-based 
courses and expert assistance, as well as 
a requirement that in-country technical 
and managerial training be a component 
of NGO technology demonstration and 
deployment projects supported by the 
U.S. government.  

 
 

 
Government initiatives should be 
structured to encourage, catalyze, 

and complement the corresponding  
activities of the private sector, 

not replace them 
 

 
 

♦ The energy-sector reform cluster is designed 
to support and shape energy-sector reform 
and restructuring—moving towards open 
competitive markets with improved financial 
performance—while retaining incentives for 
energy-technology innovation that address 
public goods and externalities.  Recom-
mended for funding at $20 million per year 
in FY2001, increasing to $40 million per 
year in FY2005, it has as high-priority ele-
ments: 

 
 (1) technical and policy advice—including 

through direct provision of personnel to 
the relevant partner-country organiza-
tions or through multilateral institu-
tions—to countries considering or un-
dergoing energy-sector reform,  with 
emphasis on (a) “getting prices right” 
through elimination of price controls 

T 
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and subsidies for conventional energy 
sources and through internalizing envi-
ronmental costs, and (b) creating Public 
Benefits Funds (PBFs) to provide re-
sources for advancing public benefits in 
the restructured energy sector—with 
funds raised through non-bypassable 
wires/pipes charges or by other means,  
including  initial support from debt 
swaps in appropriate cases; and 

 
 (2) assistance in establishing evolutionary 

regulatory frameworks for natural gas 
grids, beginning with simple pipeline 
systems linking large gas producers with 
large users and growing into grids serv-
ing a much wider range of producers 
and consumers. 

 

♦ The cluster on demonstration and cost buy-
down mechanisms is designed to facilitate 
the demonstration, in foreign contexts, of 
advanced energy technologies with signifi-
cant public benefits and to provide the 
means to “buy down” to competitive levels 
the costs of technologies in this category 
that have learning-curve characteristics mak-
ing this practical.   Recommended for fund-
ing at $40 million per year in FY2001, in-
creasing to $80 million per year in FY2005, 
it has as high-priority elements: 

 
 (1) provision of assistance in establishing a 

Demonstration Support Facility (DSF), 
preferably at the Global Environment 
Facility (GEF), to provide a framework 
for clean-energy demonstration projects 
that would attract support from the pri-
vate sector as well as from various pub-
lic-sector sources (including the GEF 
and PBFs and government grants in host 
countries); 

 
 (2)  awarding of energy-production tax cred-

its to U.S. firms participating in demon-
stration projects that are carried out un-
der the DSF and that meet approved cri-
teria (including being formulated so as 
not to conflict with U.S. opposition to 
tied aid);  and 

 (3)  provision of assistance in establishing a 
Clean Energy Technology Obligation 
(CETO), preferably at the GEF, that 
would use competitive instruments to 
“buy down” the costs of targeted inno-
vative technologies with incremental 
cost support provided by the GEF and 
by the host country through PBFs or 
government grants. 

 

♦ The financing cluster, aimed at overcoming 
financial barriers to deployment of clean and 
efficient energy technologies in developing 
and transition economies, is recommended 
for funding at $40 million per year in 
FY2001, increasing to $80 million per year 
in FY2005. Its high-priority elements are: 

  
 (1) measures to encourage increased financ-

ing for clean and efficient energy tech-
nologies from the Multilateral Devel-
opment Banks (MDBs), including (a) 
establishing or expanding “trust funds” 
through the relevant U.S. agencies (such 
as DOE, USAID, EPA, and the U.S. 
Trade and Development Agency), which 
the MDBs can draw upon to support 
agency-approved technical assistance 
for project planning work, and (b) de-
veloping contingency plans and mecha-
nisms for reinforcing, if necessary, the 
transition in World Bank and other 
MDB energy-project funding away from 
conventional energy technologies in fa-
vor of clean energy technologies (which 
is being driven by the ability of re-
formed energy markets to attract private 
capital for conventional technologies 
and the desirability of not distorting 
these markets with publicly supported 
MDB funds); and 

 
(2) additional measures implemented by 

U.S. agencies to facilitate market-based 
finance of clean and efficient energy 
technologies, including creating a fund 
administered by the Overseas Private 
Investment Corporation (OPIC) to pro-
vide financing for these types of projects 
(to be phased out as the MDBs complete 
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the transition to supporting clean energy 
technologies and advancing other public 
benefits). 

 
he second category of initiatives addresses 
specific opportunities for international co-

operation for innovation on energy-end-use 
technologies. It consists of initiative clusters 
focused on energy-efficient buildings, improved 
small vehicles and buses, factories of the 21st 
century, and cogeneration of heat and power.  
 

♦ The buildings cluster has the goal of reduc-
ing energy use in new appliances, homes, 
and commercial buildings in developing and 
transition countries by 50 percent over the 
next two decades compared to current per-
formance.  Recommended for funding at 
$20 million per year in FY2001, increasing 
to $40 million per year in FY2005, its high-
priority elements are:  

 
 (1) technical and policy assistance—with 

participation from DOE, EPA, and 
USAID—for the  development and im-
plementation of efficiency standards for, 
and ratings and labeling of, building 
equipment and appliances, including co-
operation in setting up appliance and 
equipment testing laboratories and pro-
grams, in developing and analyzing 
standards, in harmonizing test proce-
dures and standards where there is U.S. 
interest in doing so, and in implement-
ing voluntary energy-efficiency labeling 
and promotion programs similar to the 
DOE/EPA “Energy Star” program; 

 
 (2) similarly organized technical and policy 

assistance for development, distribution, 
and training in the use of building-
design software that minimizes energy 
use in residential and commercial build-
ings while enhancing building livability 
and amenity value; for development and 
monitoring of building design competi-
tions to push the envelope of building 
energy performance; and for develop-
ment, analysis, and implementation of 
building energy codes and standards, in-

cluding assistance with training, moni-
toring, compliance, and enforcement 
programs and with software tools; 

 
  (3) U.S. encouragement for the GEF, World 

Bank, and other multilateral financing 
institutions to support development and 
adoption of the measures described here 
as part of an aggressive pursuit of build-
ing-energy efficiency improvements 
throughout their grant and lending pro-
grams. 

 

♦ The vehicles cluster is aimed at research, 
development, and demonstration of cleaner, 
more energy-efficient buses and two- and 
three-wheeled vehicles and at accelerating 
the deployment of such vehicles in develop-
ing and transition countries.  Recommended 
for funding at $20 million per year in 
FY2001, increasing to $40 million per year 
in FY2005, its high-priority elements are: 

   
 (1) integration and expansion of activities of 

DOE, EPA, and USAID, and encour-
agement of the same in the GEF, on co-
operative RD3 of low-cost, clean, effi-
cient power sources for transportation—
particularly fuel-cell systems for two- 
and three-wheeled vehicles and hybrid 
and fuel-cell systems for buses, as well 
as electric and alternative-fuel propul-
sion systems where appropriate, and en-
couragement of joint ventures involving 
U.S. and foreign companies to manufac-
ture these vehicles and fuel-production 
systems; 

 
 (2) U.S. encouragement for the GEF, Inter-

national Finance Corporation, World 
Bank, and other multilateral develop-
ment banks to help finance the vehicle-
manufacturing capacity, infrastructure, 
and consumer-credit systems necessary 
for large-scale deployment of these ad-
vanced vehicles; 

 
 (3) EPA assistance to developing and transi-

tion countries for the analysis and im-
plementation of emissions standards, in-

T 
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cluding establishment of vehicle testing 
and inspection programs for all types of 
motor vehicles. 

 
 

 
A “Business-as-Usual” energy future 

would be problem-plagued 
and potentially disastrous 

 
 
 

♦ The factories of the 21st century cluster 
aims at engaging U.S. industry in partner-
ships to reduce the energy intensity of major 
energy-using industrial processes in key de-
veloping and transition countries over the 
next two decades by 40 percent compared to 
their current performance, while improving 
labor and capital productivity. This effort 
will be guided by the on-going U.S. “Indus-
tries of the Future” program, focusing on ar-
eas of high foreign market growth in energy-
intensive materials. Recommended for fund-
ing at $10 million per year in FY2001, in-
creasing to $20 million per year in FY2005, 
its high-priority elements are: 

 
 (1) cooperation between the U.S. public and 

private sectors and foreign counterparts 
to develop “technology roadmaps” for 
more productive and energy-efficient 
industrial processes geared to local cir-
cumstances, with emphasis on energy-
intensive basic-materials industries such 
as iron and steel, chemicals, pulp and 
paper, and cement; 

 
 (2) cooperative development and implemen-

tation, starting from these roadmaps, of 
RD3  workplans including human and in-
stitutional capacity building, precom-
petitive research and development, tech-
nical exchanges, and pilot demonstration 
programs; 

 
 (3)  support by U.S. and partner govern-

ments for project development and im-
plementation, joint-venture creation, and 

licensing to facilitate technology trans-
fer between U.S. firms and their part-
ners. 

 

♦ The cogeneration cluster is aimed at promot-
ing the use of combined-heat-and-power 
(CHP) technologies for new power supply, 
with a goal of providing 20 percent of new 
generating capacity in developing countries 
over the next few decades using CHP.  Rec-
ommended for funding at $10 million per 
year in FY2001, increasing to $20 million 
per year in FY2005, it contains as its high-
priority elements: 

 
 (1) cooperation between the U.S. public and 

private sectors and foreign counterparts 
on CHP information and education pro-
grams, including regional workshops, 
for public- and private-sector partici-
pants; 

 
(2) collaborative assessments of power and 

heat loads and output ratios at potential 
CHP sites in order to identify favorable 
conditions for CHP, address potential 
regulatory and market barriers, help at-
tract funding for demonstrations, and 
help secure financing for deployment;  
and 

    
  (3) support of reforms in domestic regula-

tory structures, through assistance by 
U.S. experts from DOE, AID, and EPA, 
to “level the playing field” for CHP and 
for U.S. CHP equipment,  including 
provision for power sales to the grid at 
market rates, nondiscriminatory power 
buy-back rates, interconnection and 
emissions standards, and nondiscrimina-
tory international standards for CHP 
equipment. 

 
he third category of initiatives addresses 
specific opportunities for international co-

operation for innovation on energy-supply 
technologies. It consists of initiative clusters 
focused on widespread use of renewable energy 
technologies, fossil-fuel decarbonization and 

T 
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CO2 sequestration, and nuclear fission and fu-
sion. 
  

♦ The widespread renewables cluster is aimed 
at accelerating the development and de-
ployment of biomass, wind, photovoltaic, 
solar thermal, and other renewable energy 
technologies, including tailoring and deploy-
ing these to support rural development in 
developing countries, such that in the second 
quarter of the 21st century renewables could 
make contributions to world energy supply 
comparable to the contributions from fossil 
fuels today.  Recommended for funding at 
$40 million per year in FY2001, increasing 
to $80 million in FY2005, its high-priority 
elements are: 

 
 (1) promotion of collaborative RD3 on in-

dustrial-scale biomass energy conver-
sion technologies, emphasizing those 
that provide both electricity and one or 
more co-products (heat, fluid fuels, 
chemicals, food, fiber), as well as col-
laborative research on the restoration of 
degraded lands and their use for grow-
ing crops optimized to yield multiple 
products; 

 
 (2) expansion of existing programs with 

selected developing- and transition-
country partners to develop integrated 
systems involving renewable energy 
technologies and their hybrids with fos-
sil energy to provide complete energy 
services for agricultural, residential, and 
village-scale commercial and industrial 
applications in rural areas; 

 
 (3) collaboration in measures to accelerate 

the deployment of grid-connected in-
termittent renewable electric technolo-
gies and their hybrids with fossil energy 
using competitive instruments (such as 
CETO competitions), including facilita-
tion of participation of U.S. firms in this 
process;  and 

 
 (4) development, in collaboration with ap-

propriate partners, of assessments of re-

newable energy resources on a region-
by-region basis. 

 
 

 
Basic U.S. values—respect for human dig-
nity and human rights, belief in equity and 
opportunity, commitment to assistance for 
the least fortunate and to stewardship for 
future generations and for the environ-

ment—dictate U.S. leadership in interna-
tional cooperation in energy innovation 

 
 
 

♦ The fossil-fuel decarbonization and CO2 
sequestration cluster is designed to develop, 
via a broad  multinational collaborative ef-
fort, fuels decarbonization and carbon-
sequestration technologies that would even-
tually make possible the economic use of 
fossil fuels with near-zero lifecycle CO2  

emissions and near-zero pollutant emissions, 
as well as to advance, in developing and 
transition countries in the near term, syngas-
based technologies that would facilitate the 
transition toward near-zero lifecycle CO2  

emissions. This initiative would build on ac-
tivities under DOE’s “Vision 21”.  Recom-
mended for funding at $20 million per year 
in FY2001, increasing to $40 million per 
year in FY2005, its high-priority elements 
are: 

 
 (1) cooperation to promote energy-sector 

and environmental reforms in develop-
ing and transition countries, making it 
more advantageous to produce multiple 
clean products from syngas derived 
from natural gas, coal, and other carbo-
naceous feedstocks;  

 
 (2) collaborative R&D and demonstrations 

of technologies designed to reduce the 
cost of making hydrogen from carbona-
ceous feedstocks while facilitating the 
recovery of byproduct CO2 for ultimate 
disposal; and. 
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 (3) collaborative efforts on CO2  sequestra-
tion to develop standards for security of 
CO2  storage,  conduct environmental 
impact studies, carry out both region-by-
region assessments of sequestration po-
tential and detailed reservoir-by-reser-
voir analyses of storage capacity and 
other characteristics, and carry out dem-
onstrations with monitoring of storage 
security; 

 
 

♦ The nuclear cluster, aimed at preserving and 
enhancing the possibility that nuclear energy 
could play an expanding role in addressing 
climate change and other energy-related 
challenges in the next century, is recom-
mended for funding at $10 million per year 
in FY2001, increasing to $20 million per 
year in FY2005.  It contains as high-priority 
elements: 

 
 (1) addition of an explicit international 

component to the DOE’s new Nuclear 
Energy Research Initiative (NERI), 
promoting bilateral and multilateral re-
search focused on advanced technolo-
gies for improving the cost, safety, 
waste management, and proliferation re-
sistance of nuclear fission energy sys-
tems; 

 
 (2)  expansion and strengthening of interna-

tional cooperative efforts in studies and 
information exchange on geologic dis-
posal of spent fuel and high-level 
wastes, to include expanded participa-
tion, studies of international interim-
storage facilities, and development of a 
consistent and rigorous international 
regulatory framework for both interim 
storage and geologic disposal of these 
materials; 

 (3) pursuit of a new international agreement 
on fusion R&D that commits the parties 
to a broad range of collaborations on all 
aspects of fusion energy development, 
while selectively enhancing U.S. par-
ticipation in existing fusion experiments 
abroad and inviting increased foreign 

participation in new and continuing 
smaller fusion experiments in the United 
States. 

 
ur last category of initiatives addresses 
mechanisms and institutions through 

which the U.S. government, in cooperation 
with the private sector, can more effectively 
develop, manage, and coordinate a portfolio of 
governmental activities in support of interna-
tional ERD3 cooperation consistent with an 
overarching vision of what this portfolio is to 
accomplish.   Our high-priority recommenda-
tions in this category are as follows: 
  

♦ The President should establish a new Inter-
agency Working Group on Strategic Energy 
Cooperation in the National Science and 
Technology Council (NSTC) to further de-
velop and promote a strategic vision of the 
role of the government’s contributions to in-
ternational ERD3 cooperation in support of 
this country’s interests and values.  This 
NSTC working group would:  

 
 (1) have an interagency secretariat and an 

Advisory Board drawn from the private, 
academic, and NGO sectors; 

 
 (2) be responsible for continuing assess-

ment of the government’s full portfolio 
of activities in international ERD3 coop-
eration—building on this study and in 
consideration of the overarching strat-
egy of the effort, the needed components 
of the innovation “pipeline” and links 
between these, and appropriate diversity 
and public-private-interface criteria—
and for using the results of such portfo-
lio assessment to help guide and coordi-
nate the evolution of the relevant agency 
programs; 

 
(3) assist the agencies to strengthen their in-

ternal and external mechanisms for 
monitoring and reviewing projects, for 
terminating unsuccessful ones, and for 
handing off successful ones to the pri-
vate sector at the appropriate time. 

 

O
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♦ In addition to these strengthened review 
procedures and the interagency portfolio as-
sessment effort, needed improvements in the 
mechanisms for development and manage-
ment of international ERD3 cooperation 
programs within the agencies include 

 
 (1)  use of competitive solicitations by the 

agencies, in cooperation with foreign 
counterparts, to identify the most prom-
ising approaches to achieving portfolio 
and program goals, with a well devel-
oped business plan for moving a tech-
nology through the RD3 pipeline a pre-
requisite for winning a competition; 

 
(2) identification, by the Cabinet Secretaries 

or administrators of the key agencies 
implementing the ERD3 cooperation 
portfolio, of appropriate accountable 
management chains with authority and 
budgets for implementing international 
ERD3 programs; 

 
(3) strengthening these agencies’ interna-

tional capabilities through training, tar-
geted hiring, and rotating national labo-
ratory staff and outside academic and 
industrial technical experts through the 
agencies on a systematic basis, giving 
these persons senior professional status 
with significant responsibility for guid-
ing program planning and policy. 

 

♦ The costs of the U.S. government contribu-
tions to the initiatives described in this re-
port would be covered by a new Strategic 
Energy Cooperation Fund, supplementing 
existing budgets for international ERD3 ac-
tivities and the budgets proposed in the 1997 
PCAST study for U.S. domestic energy 
R&D programs.   The amounts estimated for 
the four “foundation”, four “end-use-
efficiency”, and three “energy-supply” ini-
tiative clusters we have recommended sum 
to $250 million per year in FY2001 and 
$500 million per year in FY2005.  (The in-
crement for FY2001 adds an amount of new 
money for these types of activities approxi-
mately equal to the total that was spent on 

them in FY1997.)  The money from the 
Strategic Energy Cooperation Fund would 
be 

 
 (1) allocated to the relevant agencies in the 

President’s budget request as the out-
come of a process engaging the agen-
cies, the Office of Management and 
Budget, and the Interagency Task Force 
on Strategic Energy Cooperation and its 
Advisory Board; 

 
 (2)  multi-year in duration in most instances, 

to diminish the influence of annual 
funding cycles on project selection and 
continuation and to promote the continu-
ity of commitment that has often been 
lacking in U.S. international-cooperation 
efforts. 

 
Money made available, within the program’s 
indicated FY2001-2005 trajectory, by phasing 
out support for projects that either fail or that 
succeed and get taken over by the private sector 
could be used for further high-leverage projects 
identified through the continuing interactions of 
agencies, the Interagency Task Force and its 
Advisory Board, foreign partners, and other en-
ergy-technology users.   

 

 
he United States and the world face an his-
toric window of opportunity.   

 

♦ Processes of energy-sector restructuring and 
regulatory reform that will be completed 
largely over the next decade will “lock in” 
the mechanisms that will determine success 
or failure in the dual aims of attracting the 
private capital needed to meet energy needs 
for economic development while addressing 
the huge public-goods and externality issues 
that the energy sector presents.   

 

♦ Continuing processes of rapid urbanization 
in the developing countries mean that deci-

T 
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sions made in those countries in the next few 
decades about the interaction of urban en-
ergy supply, transportation networks, infor-
mation infrastructure, land-use planning, and 
building characteristics will likewise sub-
stantially “lock in”, for the next century and 
even beyond, important aspects of the en-
ergy requirements and quality of life of the 
large majority of the world’s inhabitants liv-
ing in these urban agglomerations. 

 

♦ The time requirements for moving new 
technologies through the innovation pipeline 
mean that much of the research intended to 
affect deployments in the 2020s, 2030s, and 
2040s needs to be underway in the next dec-
ade.  And the long service lifetimes of most 
energy-supply technologies and much of the 
equipment and infrastructure governing en-
ergy end-use efficiency means that much of 
what is deployed in the 2020s, 2030s, and 
2040s will still be in place toward the end of 
the next century. 

 

♦ Thus the energy technologies and related 
infrastructures that are developed and de-
ployed over the next few decades—
supporting rapid energy growth in develop-
ing and transition economies and replacing 
existing capital stock in industrialized 
ones—will strongly influence the trajecto-
ries of energy costs and end-use efficiencies, 
greenhouse-gas emissions, public-health im-
pacts of air pollution, oil-import depend-
ence, nuclear-energy-system safety and pro-
liferation resistance…and much else of im-
portance about the world energy system for 
most of the next century.  

 

♦ The globalization of innovation capacities, 
together with tightening constraints on do-
mestic R&D spending, have sharply in-
creased the attractiveness of cooperation to 
the United States for purposes of developing 
the energy technologies this country will re-
quire for domestic use.  Simultaneously, the 
globalization of energy markets has in-
creased the necessity of cooperation to gain 
access for United States energy companies 
to many of the largest markets for new tech-

nologies; and the globalization of environ-
mental and security risks from inadequacies 
in the global portfolio of deployed energy 
options is sharply increasing the benefits to 
the United States of cooperation to improve 
that portfolio. 

 

♦ Strengthening North-South cooperation on 
advanced energy technologies that can lower 
greenhouse-gas emissions while fueling sus-
tainable economic development is by far the 
most promising available approach to secur-
ing developing-country participation in a 
larger collaborative framework for address-
ing the global energy-climate-develop-ment 
challenge. 

 
 

 
The energy technologies and related 

infrastructures that are developed and de-
ployed over the next few decades will 
strongly influence the world energy 
system for most of the next century 

 
 
 
The needs and opportunities for enhanced inter-
national cooperation on energy-technology in-
novation supportive of U.S. interests and values 
are thus both large and urgent.  The costs and 
risks are modest in relation to the potential 
gains.  Now is the time for the United States to 
take the sensible and affordable steps outlined 
here to address the international dimensions of 
the energy challenges to U.S. interests and val-
ues that the 21st century will present. 
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Table ES-1: INITIATIVES AND BUDGETS 
(Budget in $Millions of Supplemental Spending Above Current Agency or PCAST 97 Levels) 

 

Initiative FOUNDATIONS OF ENERGY INNOVATION Page FY01 FY05 
Capacity Building --Increase support for regional centers of ERD3 

--Expand existing and develop new training programs on energy 
--(Interdisciplinary research—monitoring/evaluation/institutional change)* 

3-14 
 

3-15 

$20 M $40 M 

Energy Sector  
Reform  

--Technical/policy assistance for sector reform that gets “prices right,” in-
cluding externalities, and advances public benefits 

--Assistance establishing evolutionary regulatory frameworks for gas grids 

3-20 
 
 

20 40 

Demonstration 
And Buy-down 

--Encourage development of a Demonstration Support Facility 
--Award production tax credits for demonstrations that meet criteria 
--Assist in establishing a Clean Energy Technology Obligation 

3-26 
 
 

40 80 

Finance --Encourage MDBs to increase financing for clean/efficient energy tech-
nology; support activities with trust funds for using US experts 

--Facilitate market-based finance of clean/efficient energy technologies, 
including creating a fund administered by OPIC 

--(Technical, Financial, and Feasibility Analysis Assistance for US Firms)* 

3-34 
 
 
 

3-38 

40 80 
 

  A PORTFOLIO OF ENERGY EFFICIENCY RD3    
Buildings 
 

--Technical/policy assistance to develop/adopt efficiency standards, rat-
ings, labeling of building equipment; assist testing programs, etc. 

--Testing/policy assistance to develop/apply building design tools/design 
competitions/energy codes/standards for new buildings; training; etc. 

--Encourage MDBs/GEF to support building/equipment efficiency 
--(Develop/Disseminate Improved Cookstoves)* 

4-11 
 
 
 
 

4-15 

20 40 

Transport 
 

--Integrate/expand RD3 on low-cost, efficient, clean power for vehicles  
--Encourage GEF/MDBs to help finance production/use of clean vehicles 
--Assist in analysis/implementation of vehicle emissions testing/standards 
--(New Technologies for Public Transport Systems)* 

4-19 
 
 

4-22 

20 40 

Industry --U.S. Public/private/foreign cooperation to develop technology roadmaps 
for energy-efficient processing of energy-intensive materials 

--Cooperative development/implementation of technology roadmaps 
--Support for joint-venture creation, licensing, between U.S. firms/partners 

4-28 
 
 
 

10 20 

Combined Heat and 
Power (CHP) 

--Public/private U.S./foreign cooperation on information programs, etc. 
--Collaborative assessments of potential CHP sites, address regulatory and 

market barriers, attract funding for demonstrations, help secure finance 
--Support reforms to “level the playing field” for CHP and U.S. equipment 

4-29 
 
 
 

10 20 



 

 

E
S-15 

Initiative A PORTFOLIO OF ENERGY SUPPLY RD3 Page FY01 FY05 
Widespread 
Renewables 

--RD3 on industrial-scale biomass power/coproducts; restore degraded land 
--Develop integrated renewable/hybrid systems for rural areas 
--Accelerate deployment of grid-connected intermittent/hybrid systems 
--Assess renewable energy resources by region 
--(RD3 on solar thermal electric; support strong domestic RD3 efforts)* 

5-11 
 
 
 

5-14 

$40 M $80 M 

Fossil Fuel --Promote energy/environment reforms in support of coproduct strategies 
--RD&D on low-cost hydrogen production and byproduct carbon recovery 
--Carbon sequestration standards/regional assessments/ reservoir analyses   
--(R&D to exploit energy of methane hydrates in climate-friendly ways)* 

5-21 
 
 

5-23 

20 40 

Nuclear 
Energy 

--Add international component to Nuclear Energy Research Initiative 
--Expand/strengthen international studies of spent fuel/high-level waste  
--Pursue new international agreement on fusion R&D 
--(Improve safety and security of nuclear facilities worldwide)* 

5-27 
 
 

5-28 

10 20 

 A SET OF MANAGEMENT RECOMMENDATIONS    
Agency  
Management 

Establish NSTC working group (WG) on Strategic Energy Cooperation 
--NSTC WG would have interagency secretariat/external Advisory Board 
--WG would assess the IERD3 portfolio, guide/coordinate agency programs  
--WG would strengthen  agency internal/external review capabilities 
--Agencies to use competitive solicitations to identify best approaches 
--Agencies identify accountable management chains with authority/budgets 
--Strengthen agency international capabilities by training/detailing staff 
--Establish Strategic Energy Cooperation Fund  

6-13 
 
 
 

6-14 
 
 
 

  

TOTAL   $250 M $500 M 
 
 

* Initiatives in parentheses are described in the chapters but not in the Executive Summary; budget totals include these initiatives.
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CHAPTER 1 

U.S. INTERESTS AND GOVERNMENT ROLES IN  
INTERNATIONAL COOPERATION ON ENERGY INNOVATION 

 
Destiny is not a matter of chance, it is a matter of choice; it is not a thing to be 
waited for, it is a thing to be achieved. 
 

       William Jennings Bryan1 
 
 

mericans have a clear and compelling interest in the availability, in this country, of energy 
supplies that are abundant enough to meet the energy needs of every citizen, now and in the 
future; inexpensive enough to avoid undue burdens on the poor or erosion of the competitiveness 

of energy-intensive U.S. industries in the global marketplace; reliable enough to preclude significant 
economic and social impacts arising from energy-supply disruptions; and environment-sparing enough to 
allow continuing improvement in the environmental dimensions of American well-being even as energy 
use to fuel the economic dimensions grows.  This is a great deal to demand of the country’s energy-
supply system.  Achieving it will require continuing innovation to improve the characteristics of energy-
supply technologies and to increase the efficiency with which energy is used to generate the goods and 
services that society requires.  
 
 U.S. interests in innovation in energy technologies encompass not only domestic but also 
international dimensions, the latter arising both from the increasing globalization of many aspects of 
energy problems and from the increasing globalization of the processes of technological innovation 
needed to solve domestic and global energy problems alike.  Specifically, the United States must concern 
itself with the choices other countries make about energy strategies and technologies because of the 
consequences of those choices for:  
 

• the size of potential foreign markets for U.S. energy technologies and know-how;    
 
• the prices of internationally traded energy forms, above all oil;   
 
• the extent of world dependence on oil and gas imported from politically volatile regions, with its 

implications for supply disruptions with global economic consequences and the potential for 
military conflict over access to these resources;   

 
• the probabilities of accidents at, or thefts of nuclear materials from, nuclear-energy facilities in 

other countries;   
 
• the emissions of energy-related pollutants with impacts on global environmental conditions, 

above all on climate; and 
 
• the pace and extent of sustainable development available in the less developed countries, with 

implications for U.S. political as well as economic interests. 

                                                      
1 Bryan (1899) 
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The United States has a stake in international cooperation on energy-technology innovation 
because such cooperation promotes outcomes favorable to U.S. interests in all of these respects; because 
it brings the United States better access to and understanding of foreign energy-technology markets; 
because it enables sharing the costs and risks of developing new energy technologies—as well as gaining 
access to relevant specialized expertises and facilities—across national boundaries in a world where 
innovation capacity is increasingly widely dispersed; and because it reflects and promotes fundamental 
American values including equity, opportunity, charity, and environmental stewardship. 
 
 Although the international cooperative activities in energy innovation undertaken by the private 
sector contribute substantially to these goals, there are several reasons the government should and does 
undertake activities that reinforce and complement private-sector efforts.  These rationales for 
government involvement include public interests in such cooperation that exceed the private interests in 
participating in it; diminution of private-sector performance by barriers arising from market structure, 
scale of needed investment, degree of risk, time horizon for expected return, or combinations of these; 
complementarity of public and private capabilities; and need for coordination and reconciliation of 
energy-cooperation goals and mechanisms with other government goals and policies, including foreign 
policy, defense policy, trade policy, tax policy, environmental policy, antitrust policy, and intellectual 
property rights policy. 
 
 The analysis and recommendations we present in this report focus on increasing the effectiveness 
and coherence of the activities of the U.S. government that implement, support, or otherwise affect 
international cooperation on energy innovation—that is, on energy research, development, demonstration, 
and deployment (ERD3).  In what follows in the remainder of this introductory chapter, we first explain 
the origin of this study in a previous PCAST2 examination of the Federal government’s overall effort in 
energy research and development, describe the specific charge to our panel, and outline the organization 
of the report.  We then elaborate on U.S. interests in international cooperation on ERD3 in the context of a 
range of scenarios for how the global energy future might unfold and the challenges that realization of 
these scenarios would pose.  There follow descriptions of the forms that such cooperation can take, the 
ways in which the Federal government participates in, supports, or otherwise influences these activities, 
and the rationales that can be adduced for the character and size of this Federal involvement.  Finally, in 
the last part of the chapter, we address the interaction of government policies on international ERD3 
cooperation with other government energy and non-energy policies, and we offer some observations on 
the leverage that increased ERD3 cooperation can and must provide against the challenges ahead. 
 
 
ORIGINS, FOCUS, AND ORGANIZATION OF THE STUDY 
 
 The PCAST study on “Federal Energy Research and Development for the Challenges of the 
Twenty-First Century”, which was requested by President Clinton in January 1997 and delivered in final 
form in November of that year, found that increased investment in energy-technology innovation offers 
high leverage in the pursuit of American economic, environmental, and national security interests.3  
Specifically, the study concluded that attainable energy-technology improvements could, among other 
benefits, lower the future costs of supplying energy below what they would otherwise be; lower energy’s 
effective costs still further by increasing the efficiency of its end uses; increase the productivity of U.S. 
industry; increase U.S. exports of high-technology energy-supply and energy-end-use products and know-
how; reduce the emissions of air pollutants hazardous to human health and to ecosystems; slow the build-
up of heat-trapping gases in the global atmosphere; improve the safety and proliferation resistance of 

                                                      
2  President’s Committee of Advisors on Science and Technology. 
3  PCAST (1997). 



CHAPTER 1:  U.S. Interests and Government Roles 

1-3 

nuclear energy operations around the world; reduce over-dependence on oil imports here and in other 
countries; and enhance the prospects for politically stabilizing economic development in the many of the 
world’s potential trouble spots.   
 
 The primary rationale for the engagement of the public sector in the pursuit of these benefits, the 
study noted, is the existence of innovation needs and opportunities where the potential benefits to society 
warrant a greater investment than the prospective returns to the private sector can elicit.  Taking into 
account the likely size and character of private-sector investments in energy innovation currently and in 
the decades immediately ahead, the PCAST study found that the energy research and development 
programs of the Federal government “are not commensurate in scope and scale with the energy 
challenges and opportunities the twenty-first century will present”.  Accordingly, the study recommended 
“strengthening the DOE applied energy-technology R&D portfolio by increasing funding for four of its 
major elements (energy end-use efficiency, nuclear fission, nuclear fusion, and renewable energy 
technologies) and restructuring part of the fifth (fossil-fuel technologies).”  It also recommended “targeted 
efforts to improve the prospects of commercialization of the fruits of publicly funded energy R&D in 
specific areas; increased attention to certain international aspects of energy R&D; and changes in the 
prominence given to energy R&D in relation to the Department’s other missions, coupled with changes in 
how this R&D is managed.” 
 
 The current study elaborates on the earlier study’s recommendation for increased attention to the 
international dimensions of energy-technology innovation. The President’s charge to his Science Advisor, 
Neal Lane, in July 1998 was “to report to me…on ways to improve the U.S. program of international 
cooperation on energy R&D to best support our nation’s priorities and address the key global energy and 
environmental challenges of the next century.”  In his charge to the PCAST panel formed to assist him in 
preparing this advice, Dr. Lane indicated that the panel should address the following specific issues: 
 

• the character of the energy-linked challenges facing the United States and the world in the first 
part of the next century; 

 
• experience to date in the principal U.S. agencies involved in international cooperation in energy 

R&D, including lessons learned that should shape future activities; 
 
• experience to date in—and lessons learned from—multilateral international energy R&D 

activities (including efforts of the United Nations and the multilateral development banks) and the 
bilateral cooperative energy R&D activities of other countries;   

 
• approaches to bridging the gap between R&D and deployment; and 
 
• development of a strategic framework and action agenda for improving the capacity of 

international cooperation on energy to meet national and global challenges. 
 
 Our report in response to this charge is organized into six parts.  As noted above, the remainder of 
this first chapter elaborates on U.S. interests and government roles in international cooperation in energy 
innovation.  The second chapter provides a picture of the current status of and recent trends in public and 
private ERD3 activities worldwide, including international cooperation on ERD3, and identifies the 
principal economic and political forces that have been influencing this picture.  Chapter 3 presents 
guidelines for shaping the Federal response to the challenges the preceding chapters have identified and 
proposes some energy-cooperation initiatives that cut across energy-supply and energy-end-use 
opportunities.  The fourth chapter proposes further cooperative initiatives focused specifically on 
opportunities for improving energy end-use efficiency, and the fifth chapter does the same in relation to 
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opportunities for improving energy-supply technologies.  Chapter 6 summarizes lessons learned from past 
experiences with international ERD3 cooperation, offers recommendations on improving the management 
and coordination of the U.S. government’s programs, and characterizes the leverage that enhanced 
international cooperation on ERD3 could provide against the energy-linked global challenges to U.S. 
interests and values that the next fifty years are likely to present. 
 
 A number of topics related to those treated (and to our charge) have been excluded from our 
detailed consideration, despite their relevance, because including them would have posed insuperable 
difficulties within the time and resource constraints applicable to this study.  The most important of these 
exclusions are international cooperation in: (a) science and technology education; (b) the areas known, in 
DOE parlance, as “basic energy sciences” (fields—such as applied mathematics, computer sciences, 
materials sciences, and chemical engineering—wherein advances benefit innovation across a wide range 
of energy technologies); and (c) environmental and biomedical research aimed at improving 
understanding of the environmental and health impacts of energy technologies—for example, global-
change research and epidemiological studies of the health consequences of air pollution.4    
 
 We have also bounded the scope of our study in the time dimension, focusing most of our 
attention on the period between now and the midpoint of the 21st century.  Even 2050 is far into a future 
certain to be influenced by surprises.  But it is also closer in energy-technology terms than one might 
think: electric power plants that go into operation in 2010, embodying innovations that are in the late 
stages of development today, may still be operating in 2050; and some ideas that are only in the most 
preliminary stages of investigation today (such as solar cells that produce hydrogen directly from 
sunlight)—or others already long pursued but still posing very demanding development challenges (such 
as fusion)—may just be entering the commercial marketplace fifty years hence.5  Finally, we have given 
more emphasis to cooperation with developing and transition countries than to cooperation with 
industrialized countries, both because more needs to be done in the former cases than in the latter to build 
the conditions in which the private sector will do most of what is required and because most of the growth 
in energy use over the next 50 years will be in the developing world. 
 
 
THE U.S. STAKE IN INTERNATIONAL COOPERATION ON ERD3 
 
 The way in which the world energy future evolves and the role the United States plays in that 
evolution will have profound effects on the economic, environmental, and national-security interests of 
this country, as well as on its capacity to realize, around the world, its most fundamental values.  
International cooperation on energy research, development, demonstration, and deployment represents 
one of the main mechanisms through which the United States can influence the global energy outcomes 
that are so important in these respects.6   At the same time, U.S. participation in such cooperation 
enhances this country’s capacity to benefit domestically from increasingly globalized sources of energy-
technology innovation.  In developing these arguments, it is helpful to begin with a brief synopsis of 
trends, scenarios, and challenges in the global energy system.  
  

                                                      
4  Such “impacts” research is to be distinguished from R&D aimed at improving energy technologies to reduce these 

impacts, which is within our scope here. 
5  Historically, in fact, the time required for a new energy source to go from conception to large-scale commercial 

application has typically been in the half-century range.  See, e.g.,�1DNLüHQRYLü�et al. (1998). 
6  The other two main mechanisms for this are (a) leading by example and (b) participating as both a supplier and a 

consumer in world energy-resource and energy-technology markets.  All three mechanisms are important, and 
they are interrelated.  
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The Evolving Global Energy System:  Trends, Scenarios, Challenges 
 
 Understanding the global energy system and its economic, environmental, and political 
ramifications requires knowing how much energy is supplied, for what purposes, from what resources, 
using what technologies, under what institutional arrangements, and at what monetary and social costs.  
All this must be known not just in aggregates and averages for the world as a whole, but also 
disaggregated by continents, countries, or subnational regions, depending on the details of the questions 
being asked.  We describe here only a few key features, at the level of the globe and representative 
countries, to suggest both the overall picture and some of the variations within it.7   
 
 It is useful to consider the amount of energy supplied to be the product of three factors: 
population size, level of economic activity per person (generally expressed as Gross National Product per 
person), and energy intensity of economic activity (expressed as energy divided by GNP).  Thus, in 1997, 
a world population of 5.8 billion persons, with average per capita GNP equivalent to 6300 U.S. dollars 
per person (adjusted for purchasing power parity—ppp)8 and average energy intensity of economic 
activity equal to 12 megajoules per ppp-adjusted dollar, had an annual primary energy requirement of 
5.8x109 persons x $6300/person x 12x106 joules/dollar = 440x1018 joules or 440 exajoules (EJ).9  Table 
1.1 shows corresponding figures for the United States, Japan, China, India, Brazil, and South Africa 
compared to those for the world as a whole, as well as the contributions of the various primary energy 
forms to the totals.  Also shown there are per capita energy use figures and per capita and total figures for 
electricity generation, which worldwide accounts for nearly 30 percent of primary energy use.10 
   
 Three striking characteristics of the partial world-energy picture provided by Table 1.1 hint at 
some of the main challenges that the decades ahead are likely to present. 
 

• Perhaps most obvious at first glance is the tremendous variation among countries in terms of 
energy and electricity per capita, mirroring similar discrepancies in per capita GNP.  These 

                                                      
7  For more detail the reader should consult, e.g., the recent energy study of the International Institute for Applied 
6\VWHPV� $QDO\VLV� DQG� WKH�:RUOG� (QHUJ\� &RXQFLO� �1DNLüHQRYLü� et al. 1998) and the energy “country profiles” 
available on the U.S. Energy Information Administration’s Web site (EIA 1999). 

8 The population and economic product figures in 1997 U.S. dollars are from World Bank (1998), which also 
explains the purchasing power parity concept and its superiority to market exchange rates in making international 
comparisons.  World economic product in 1997, which according to World Bank calculations was $37 trillion 
with adjustments for purchasing power parity, was about $30 trillion at market exchange rates.   

9  “Primary” energy refers to the energy forms found in nature—mainly fossil and nuclear fuels, sunlight and the 
other “renewable” energy forms derived from it (most importantly the energy in falling water, wind, and plant 
materials or “biomass”), and geothermal heat—before conversion of these to “secondary” forms such as electricity 
and gasoline.  One exajoule = 1018 joules = 109 gigajoules  = 0.95 x 1015 Btus = 0.95 quads.   The indicated 
primary energy use of 440 exajoules (417 quads) in 1997 includes not only the so-called “commercial” energy 
forms (principally the fossil fuels, hydropower, and nuclear energy), on which most countries keep quite accurate 
statistics, but also a much less accurate estimate for the use of the so-called “traditional” or biomass fuels 
(consisting of fuelwood, charcoal, crop wastes, and dung).  Most of the use of the traditional energy forms occurs 
in the rural sectors of less developed countries, and because the quantities can only be roughly estimated this 
category is often omitted altogether from official tabulations.   By convention, the part of biomass energy used as 
food for people and feed for domestic animals is not usually included in tabulations of civilization’s primary 
energy use at all; if it were included, it would add 10-30 percent (depending on how it was counted) to the 1997 
total. The data presented here and in Table 1.1 for the commercial energy forms are derived from British 
Petroleum (1998).  The estimates for traditional fuels are extrapolated from figures in Johannson et al.  (1993).  

10 About 62 percent of the electricity was generated from fossil fuels, 19 percent from hydropower, 18 percent from 
nuclear energy, and 1 percent from wind, biomass, solar energy, and geothermal energy.   See EIA (1998a). 
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differences portend substantial upward pressure on energy use and electricity generation in less 
developed countries as they pursue their aspirations to achieve, over the next half-century or so, 
levels of economic well-being at least approaching those enjoyed in typical industrialized nations 
today.  If trends in the energy intensity and electricity intensity of economic activity do not 
diverge much from what has been experienced in the recent past, the resulting massive energy 
and electricity growth in the developing countries could strain the availability of investment 
capital, drive energy costs upward, and greatly aggravate the environmental and political 
difficulties already associated with world energy supply today.  The desirability of minimizing 
such problems gives much reason to try to accelerate, to well beyond historical trends, the pace of 
improvements in energy and electricity intensities of economic activity. 

 
 

Table 1.1:  World and Selected Country Energy and Economic Data for 1997a 
 

 United 
States Japan China India Brazil 

South 
Africa World 

Population (106) 268 126 1227 961 164 38 5829 

GNP/person ($-ppp) 29000 23000 3600 1700 6200 7500 6300 

energy/GNP (MJ/$) 13 8 12 14 7 19 12 

total GNP (109 $) 7700 2900 4400 1600 1000 290 37000 

total energy (EJ) 100 23 52 22 7.4 5.4 440 

  percent oil 38 53 16 17 50 17 34 

  percent natural gas 25 11 1.5 4.5 3.2 1.9 20 

  percent coal 24 18 60 30 6.9 69 24 

  percent nuclear 7.7 16 0.3 0.5 0.5 2.8 6.4 

  percent hydrob 1.3 1.6 1.4 1.2 15 0.2 2.3 

  percent biomass 3.8 0.0 21 48 24 7.7 13 

electricity (109 kWh) 3500 960 1050 410 300 190 13400 

energy/person (GJ) 370 180 42 23 45 140 75 

electricity/person (kWh) 13000 7600 850 440 1800 5000 2300 
a For sources and units, see Notes 7-9 in main text.  
b The contribution of hydropower has been calculated based on the energy content of the electrical output.  
(If hydropower’s contribution were counted as the fossil-fuel energy that would have been needed to 
generate this electricity—an accounting rule still used by some energy agencies—both the total energy 
figures and hydropower’s shares would appear somewhat larger.) 

 
 
• No less striking than the country-to-country variations in Table 1.1 is the high degree of global 

dependence on fossil fuels that it reveals, amounting to 78 percent of all primary energy supplied.  
Oil, which alone provides more than a third of the world’s energy, is almost the sole source of the 
energy used for moving people and freight and is also important for a variety of industrial uses 
(including petrochemical synthesis).  A major liability of civilization’s high dependence on oil is 
the concentration of a large part of the world’s remaining resources of it in regions of potential 
political instability, above all the Middle East and the Caspian Basin, posing risks of supply 
interruptions, price shocks, and quite possibly even military conflict over access.  Coal, the 
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second largest source of energy overall with nearly a quarter of total supply, is the largest source 
of electricity worldwide and the expected basis of much of the massive growth in energy use 
foreseen in the world’s two most populous countries, China and India.  But coal is the hardest to 
handle of the conventional fossil fuels, and it is the most polluting when burned unless very 
advanced technologies are used.  Natural gas, by far the cleanest burning of the fossil fuels, the 
easiest to use at high efficiency, and the fastest growing, unfortunately still contributes a smaller 
share to world energy supply than either oil or coal.  And all of the fossil fuels (although least of 
all natural gas) emit significant quantities of the greenhouse gas carbon dioxide when burned, 
which ultimately may require very advanced technologies for carbon capture and sequestration if 
continued heavy use of these fuels is not to excessively alter climate. 

 
• A third striking characteristic of the world energy system as sketched in Table 1.1 is the very 

substantial role that the traditional biomass fuels—trees, shrubs, grasses, crop wastes, dung—
continue to play in the less developed countries.  These fuels are processed and burned very 
inefficiently; they generate high concentrations of toxic air pollutants (especially in the poorly 
ventilated dwellings where cooking, water heating, and space heating with these fuels are often 
done); and their collection consumes a large fraction of the time of the women and children who 
have this task, as well as contributing in some circumstances to deforestation, desertification, and 
diminished soil quality.  The combination of these existing problems in the rural developing 
regions and the large population growth expected there means that the use of traditional biomass 
fuels in these ways cannot grow apace with population.  There are only two choices: upgrade the 
technologies for using these fuels to increase efficiency and reduce impacts, or replace the fuels 
with different energy sources.  Both of these paths pose great difficulties in design, financing, and 
implementation. 

 
All of these challenges will be treated further below, but their character will be clearer if we first look 
beyond the snapshot of the energy system, as just presented, to consider the evolution of that system up to 
the present and some scenarios of how it may evolve in the future. 

 
 Figure 1.1 chronicles the evolution of world energy supply over the century and a half from 1850 
to the present.  This is a picture of tremendous overall growth—a 20-fold increase in total world energy 
use since 1850, 10-fold since 1900—with most of the increase between 1850 and 1930 provided by coal, 
most of that between 1930 and 1980 provided by oil, and most of that since 1980 provided by natural gas 
and nuclear energy.   
 
 This increase was an indispensable ingredient of the process of technological transformation and 
economic growth that propelled the now industrialized countries to unprecedented levels of prosperity.  
But it was also the dominant factor in the emergence of human civilization as a truly global 
biogeochemical force, capable of modifying the composition of atmosphere, water, soil, and vegetation at 
continental to planetary scale in ways no longer negligible compared to the effects of natural processes.11  
Given the substantial degree of intervention in large-scale environmental processes that the late-20th-
century energy system is generating, and given the limits to the ability of current environmental science to 
predict the consequences of current and future levels of disruption in detail, planning to fuel development 
in the South and continued prosperity in the North in the next century with energy technologies much like 
today’s poses tremendous risks. 
 
 Yet the 150-year world energy history depicted in Figure 1.1 also illustrates how difficult it will 
be to change rapidly the mix of energy sources on which civilization depends.  Specifically, it is apparent 

                                                      
11 See. e.g., Turner et al. (1990), Holdren (1990). 
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from this chart that, during periods of rapid growth of the system as a whole, the time required for a new 
source of energy to grow from a few percent to a few tens of percent of world energy supply is typically 
in the range of 50 to 75 years.  Slower growth reduces the absolute scale of contribution needed to attain a 
specified share of the total, but it may also reduce the incentives and opportunities to innovate. 

 
 

Figure 1.1:  World Primary Energy Supply by Source, 1850 to 1997.   
  6RXUFH��XSGDWHG�IURP�:(&���������1DNLüHQRYLü�et al. (1998). 

 
 

 From 1980 to 1997, world energy supply grew at about half the average rate for the past half 
century—1.7 versus 3.4 percent per year—while real economic growth averaged 2.8 percent per year. 
This reflected a decline of 1.1 percent per year in the energy intensity of economic activity.12  In this same 
period, the carbon intensity of energy supply (carbon emissions per unit of energy) was declining at an 
average rate of 0.7 percent per year, reflecting the growing importance of natural gas and nuclear energy 
in the global energy-supply mix.  If these rates persisted, world economic product would double in 25 
years, energy use in about 40 years, carbon emissions in about 70 years.   
 

                                                      
12 The average rates of change quoted in this paragraph are for the period 1980-1997.  The energy figures are based 

on commercial energy forms only—that is, the traditional energy forms are excluded—and the economic growth 
rates are based on market exchange rates.   These figures vary widely across regions.  In the low- and middle-
income countries of Asia and the Pacific, GNP growth has averaged 7.8 percent per year since 1980 and energy 
intensity of economic activity has declined in this period at 2.2 percent per year.  But in the rest of the developing 
world, GNP growth rates have been much lower (averaging 2.4 percent per year in Latin America and 1.5 percent 
per year in Africa and the Middle East); and energy intensities in the rest of the developing world have been 
declining considerably more slowly than in the Asia-Pacific region.  See British Petroleum (1998) and World 
Bank (1998). 
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 Future world energy demand will depend on future rates of change of population, per capita 
economic product, and energy intensity of economic activity; and future carbon emissions will depend, in 
addition, on future rates of change in the carbon intensity of the energy-supply mix.  “Business as usual” 
(BAU) assumptions about how these variables will change over the next century—meaning no major 
departures from the trends that are already evident—typically produce energy scenarios in which world 
energy use doubles from its 1990 value by 2025, triples by 2050, and quadruples or quintuples by 2100.13  
By far the largest proportion of this growth is expected to take place in the countries currently classified 
as developing, which in typical BAU scenarios pass the industrialized nations in total energy use around 
2025 and by 2100 account for two thirds or more of the world’s energy use (compared to about one third 
today).  Another characteristic of BAU scenarios is that the share of world energy use supplied by fossil 
fuels declines only slowly over the next 50 years—still amounting to about 70 percent in 2050—which 
implies very large increases in emissions of carbon dioxide: typically 2 to 2.5 times as large as the 1995 
figure by 2050 and 3.5 to 4 times as large by 2100. 

 
 Trend is not destiny, however: energy futures differing from BAU are entirely possible.  Faster 
growth of population or GNP per person, or a slower decline in energy intensity, could produce 
considerably higher energy totals; and slower growth of population or GNP per person, or a faster decline 
in energy intensity, could produce considerably lower ones.  If it proves possible to expand the use of 
renewable and/or nuclear energy very rapidly in the next century, the fossil-fuel share of world energy 
supply could fall more sharply than indicated for BAU, and carbon dioxide emissions then would grow 
more slowly and ultimately could even decline.  Carbon emissions could also be reduced to lower than 
BAU levels by widespread use of carbon capture and sequestration technologies in conjunction with 
fossil-fuel consumption. 

 
 Box 1.1 sketches a range of possibilities for the evolution of the world’s energy system in the 
next century as described in a recent study of the global energy future conducted by the International 
Institute for Applied Systems Analysis (IIASA) and the World Energy Council (WEC).   Of course, none 
of these scenarios describes the way the energy future will actually evolve, which no one can accurately 
predict.  But by investigating the features of a range of possible outcomes, the IIASA-WEC study and 
other recent studies in this vein have helped illuminate the consequences of different societal choices 
about energy, and they have underlined certain commonalities as well as contrasts among the different 
energy futures that could materialize.  Among the conclusions reached by the IIASA-WEC study along 
these lines were the following: 
 

• World energy needs will increase.  The expected growth of the world’s population over the next 
century, nearly all of it in the developing countries, combined with the level of energy services 
needed to meet even modest aspirations about the pace at which these developing-country 
populations approach levels of affluence already enjoyed in the OECD countries today, mean that 
world energy demand is likely to grow despite progress in reducing the energy intensity of 
economic activity in the future.  An economic growth rate averaging much less than 2 percent per 
year over the next century would not allow the developing countries to approach even by 2100 

                                                      
13 Typical “business as usual” assumptions entail world population of 8-9 billion in 2025, 10-11 billion in 2050, and 

10-12 billion in 2100.  The world rate of real economic growth under BAU is typically assumed to be in the range 
of 3 percent per year out to 2025, declining gradually thereafter to 2 percent per year or less in the year 2100.  
Energy intensity of economic activity is assumed to fall continuously at about 1 percent per year.  Sophisticated 
scenario-building exercises disaggregate rates of growth of population and per-capita economic product—and 
rates of decline of energy intensity—across groupings of countries according to geography and level of 
development;  but the aggregate results can always be described in terms of  world-average rates and totals, as 
here.  See Box 1-1 and  Alcamo et al. (1995), NaNLüHQRYLü�et al. (1998), and Edmonds et al. (1999) for further 
discussion and comparison of a range of BAU and alternative scenarios.   
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the levels of income per capita enjoyed in the OECD countries in 1990.  Energy use will grow 
unless energy intensities decline faster than economic activity grows.  The IIASA-WEC 
conclusion that world energy needs will increase rests on the view that (a) the world economy 
will grow at an average of more than 2 percent per year for the next century and (b) no politically 
sustainable combination of energy prices and policies could cause energy intensities worldwide to 
decline at greater than 2 percent per year for this entire period. 
 

• Energy intensities will improve significantly.  Although energy intensities are not likely to decline 
rapidly enough to completely offset the upward pressure of economic growth on energy, the rate 
of decline even under BAU would be sufficient to offset a considerable part of the energy growth 
that otherwise would occur; and faster rates of decline could bring very substantial benefits in the 
form of still slower energy growth.  The lowest average rate of decline in energy intensity for the 
period 1990-2050 in any of the IIASA-WEC scenarios was 0.75 percent per year (in Scenario B), 
somewhat below the historical rate in recent decades, which leads to energy use in 2050 about 64 
percent of what it would be if energy intensity stayed constant.  The highest rate of decline for 
this period in the IIASA-WEC study was 1.3 percent per year (Scenario C1), which leads to 
energy use in 2050 only 46 percent of what it would be if energy intensity did not change. 
 

• Resource availability will not be a major global constraint.   Even under the highest-growth 
scenarios, according to the IIASA-WEC study, the world as a whole would not be in danger of 
“running out” of energy resources any time in the next century.  Conventional oil and gas are 
likely to be in decline by the middle of the century or earlier—and there is the possibility of 
conflict over access to the least expensive remaining deposits of these—but resources of 
unconventional oil and gas and of coal are much larger and could ultimately fill the gap if 
environmental constraints did not intervene.  Nuclear energy resources are also very large 
compared to plausible demands in the next century, as is the potential for tapping renewable 
energy flows. 

 
• The most important environmental constraints on short-to-mid-term energy choices in most of the 

world are local and regional air-pollution and acid-deposition problems.  Although the world is 
not running out of energy, it is running out of environmental capacity to absorb without 
unacceptable consequences the effluents of today’s fossil-fuel and traditional biomass-energy 
technologies.  This is manifest locally in health-damaging concentrations of particulate matter 
(see Box 1.2) and other air pollutants in both indoor and outdoor air, higher by factors of 10 to 20 
in developing countries than in industrialized ones where combustion efficiencies are higher and 
pollution controls more widespread. It is manifest regionally in acid deposition resulting from 
emissions of oxides of sulfur and nitrogen.  In a version of the IIASA-WEC high-coal scenario 
(A2) without sulfur abatement, sulfur deposition over much of East and South Asia in 2020 
reaches twice the worst levels ever observed in the most polluted areas of Central and Eastern 
Europe, resulting in severe losses in crop production.14  These problems are expected by the 
IIASA-WEC authors to command more attention from developing country decision makers than 
are the more uncertain and longer-term threats associated with global climate change; but most 
measures to abate the local and regional pollution impacts of energy supply would also reduce 
greenhouse-gas emissions. 

 

                                                      
14 1DNLüHQRYLü�et al. (1998), pp. 127-128.  The IIASA-WEC authors assume that this outcome will not be tolerated 

and that only coal technologies with advanced pollution control will be deployed in the region after 2005. Sulfur 
control costs could then amount to 0.4 percent of regional GDP by 2020, and even so the regional emissions 
would continue to increase (albeit more slowly than in the uncontrolled case). 
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Box 1.1: The IIASA-WEC Energy Scenarios for the 21st Century 
 

A great many scenarios depicting the trajectories along which the global energy future might unfold in the 
next century have been published in the past several years in studies conducted for the United Nations,a the 
Intergovernmental Panel on Climate Change,b the World Energy Council,c the World Resources Institute,d and 
others.e   We take our examples here from one of the most recent such studies, which was conducted for IIASA and 
WKH�:(&�E\�1DNLüHQRYLü�et al. (1998).  Its scenarios run from 1990 to 2100, disaggregate the world’s countries into 
11 geographic/economic groupings, and divide primary energy sources into 9 categories (coal, oil, natural gas, 
nuclear, hydropower, commercial biomass, noncommercial biomass, solar energy, and an “other” category 
containing wind, geothermal energy, and energy from wastes).   
 
 The study develops six illustrative scenarios in detail.  The three “A” scenarios all entail high economic 
growth and rapid technological change, but differ in respect to which energy sources support the bulk of the growth 
through the first two thirds of the 21st century: oil and gas in A1; coal in A2; and gas, renewables, and nuclear in 
A3.  A single “B” scenario has somewhat lower rates of economic growth and technological change, and derives its 
energy from a middle-of-the-road mix of supply options—about 65 percent fossil in 2050.  Two “C” scenarios 
assume establishment of a global regime to drastically reduce greenhouse gas emissions below BAU levels, with 
corresponding high emphasis on efficiency improvements, renewable energy options, and capture and sequestration 
of some of the carbon dioxide from the fossil fuels that are used.  Case C1 does all this while phasing out nuclear 
energy after 2050; case C2 does it with the help of a new generation of nuclear reactors enabling a steadily growing 
nuclear contribution through the 21st century. 
 
 The population growth rates are the same in all scenarios, but rates of change of Gross Domestic Product 
(GDP) per person, energy intensity of economic activity (energy/GDP), and carbon intensity of energy supply differ.  
These rates are shown in Table 1.2 for the highest- and lowest-carbon scenarios among the six explored in the 
IIASA-WEC study.a  Table 1.3 shows the resulting values of population, GDP/person, energy intensity, and carbon 
intensity corresponding to a division of the world into three country groupings—the OECD countries, the 
“reforming” economies of the former Soviet Union and Eastern Europe (REFs),  and the developing countries 
(DCs).  Total energy use in 2100 is 1940 EJ in Scenario A2 and 900 EJ in Scenario C1, 5 times and 2.3 times the 
actual 1990 figure, respectively.  Total carbon emissions in 2100 are 19.8 gigatonnes of carbon (GtC) in Scenario 
A2 and 1.4 GtC in Scenario C1.  The first figure is 3.4 times larger than the 1990 value, the second one 4.2 times 
smaller.  
 

Table 1.2:  Average Annual Global Rates of Change for Two Scenarios, percent/yeara 

    
     Scenario A2 (high       Scenario C1 (low 
      growth, high coal)         carbon, low nuclear) 
 ----------------------------  ------------------------------ 
1990-  2020- 2050-  1990- 2020- 2050- 
 2020  2050  2100   2020  2050  2100 
---- ---- ----  ---- ---- ---- 

Population   1.4  0.8  0.3   1.4  0.8  0.3 
GDP-ppp/person  1.3  1.6  1.6   0.9  1.2  1.5 
Energy/GDP  -0.9 -0.8 -0.7  -1.5 -1.2 -1.0 
Carbon/energy  -0.1 -0.3 -0.6  -0.6 -1.3 -3.4 

 
a The energy and carbon intensities in the WEC-IIASA scenarios span ranges of values considerably wider than those displayed 
in the “official” IPCC scenarios and nearly as wide as displayed in the full range of scenarios that the IPCC reviewed (Alcamo et 
al.� ������ 1DNLüHQRYLü� et al. 1998).   GDP figures are corrected for purchasing-power parity.  Carbon intensities are “net”, 
meaning they don’t count carbon stored in durable products or sequestered. 
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Box 1.1 continued. 
 

Table 1.3:  Population, GDP, and Energy and Carbon Intensities in Two Scenarios. 
 

------Scenario A2------- ------Scenario C1-------    
1990 2020 2050 2100 2020 2050 2100 

Population (billions)  
OECD   0.86   0.99   1.00   1.00   0.99   1.00   1.00 
REFs   0.41   0.48   0.54   0.57   0.48   0.54   0.57 
DCs   3.99   6.45   8.52 10.1   6.45   8.52 10.1 
World   5.26   7.92 10.1 11.7   7.92 10.1 11.7 

GDP/person (1000 1990$) 
OECD 16.4 28.0 44.5 89.0 23.5 31.9 49.9 
REFs   6.18   4.63 15.2 50.2   4.69   9.59 20.5 
DCs   2.29   4.17   7.29 18.0   3.93   6.36 16.0 
World   4.89  7.17 11.4 25.7   6.42   9.08 19.2  

Energy/GDP (MJ/1990$) 
OECD 12.8   8.9   6.5   3.9   6.9   4.1   1.9 
REFs  29.5 44.0 19.8   7.6 32.0 14.0   5.7 
DCs 14.5 11.9 10.0   7.6 10.2   7.6   4.6 
World 15.1 11.7   9.3   6.5   9.7   6.8   4.0 

Carbon/energy (kgC/GJ) 
OECD 15.6 15.4 14.8 15.3 12.2   7.0   1.7 
REFs 17.4 15.3 14.5 14.5 13.9 11.8   5.0 
DCs  13.6 14.5 13.0   8.2 12.9   8.7   1.3 
World 15.3 14.9 13.7 10.2 12.9   8.6   1.6 

 
The drastically different evolution of the energy-supply mix in the two cases is illustrated in Figure 1.2.  

The total contribution from fossil fuels in 2100 is 5.8 times smaller in Scenario C1 than in Scenario A1, but the non-
fossil contributions are similar in the two cases (actually a third larger in A1 than in C1). 
 

 
 

Figure 1.2:  Primary Energy Contributions for IIASA-WEC Scenarios A2 (left) and C1 (right). 
Note differing vertical scales.  Numbers for 1990s differ slightly from other figures in this report because of 

differing conversions for energy content of fuels. 
 
a Johannson et al. (1993)   d Hammond (1998) 
b Alcamo et al. (1995)   e see, e.g., Edmonds et al. (1999) 
c WEC (1993)  
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• Capital requirements will present major challenges for all energy strategies.  Capital investment 
in energy technologies is driven upwards by high energy growth rates per se (because more 
facilities must be built than under lower growth rates);  by depletion of the most concentrated and 
convenient fossil fuels (because more dispersed, dilute, and difficult fuels—such as 
unconventional oil and gas, as well as coal—are costly to extract and process); by increasing 
reliance on highly processed energy forms such as electricity and hydrogen; and by increasing use 
of capital-intensive renewable and nuclear energy options.  All energy scenarios for the next 
century contain some mixture of these capital-cost-inflating characteristics.  Even with 
considerable allowance for countervailing downward influences on capital costs of energy 
technologies from technological innovation, the IIASA-WEC study estimated worldwide capital 
investments in energy supply to be in the range of $12 to $19 trillion 1997$ for the period 1990 to 
2020 and $17 to $34 trillion 1997$ for the period 2021 to 2050, with about half of the total 
investments required in the developing countries.   These figures omit investments in increasing 
energy-end-use efficiency, inclusion of which the IIASA-WEC study estimated could lead to as 
much as a doubling of the indicated investment requirements. By that study’s estimates, the total 
energy-supply and energy-end-use-efficiency investment requirements in developing countries 
are likely to amount to 3.5 to 4.5 percent of GDP in the period 1990-2020 and 3 to 4 percent of 
GDP in the period 2021-2050, or between a seventh and a fifth of anticipated gross domestic 
investment in those countries in the same period.  Mobilizing these sums in competition with 
investment requirements for telecommunications and transportation infrastructure, water and 
sanitation systems, sustainable agriculture, modern manufacturing technologies, health, and 
education may pose considerable challenges. 

 
• Technological change will be crucial for future energy systems.  A substantial degree of 

technological innovation in the energy sector has been part of “business as usual” for a century 
and a half, and BAU scenarios posit that it will continue to deliver reductions in energy intensity 
and in the capital intensity of energy technologies throughout the next century as well.  Scenarios 
entailing faster than BAU economic growth and development, faster replacement of inexpensive 
oil and gas with more challenging energy sources, or faster reductions in emissions of greenhouse 
gases and other pollutants would require higher than BAU rates of energy-technology innovation.  
Even BAU rates of innovation could fail to materialize, however, if recent sharp declines in 
public and private investment in energy R&D in the United States and other industrialized 
countries—where most such R&D is done—were to persist and spread.15  The consequences of 
lower innovation rates could be serious.  For example, if the average rate of reduction in energy 
intensity worldwide over the next half century turned out to be the 0.4 percent per year 
experienced by the United States in the 1990s rather than the 0.75 percent per year postulated in 
the IIASA-WEC “B” scenario, world energy requirements in 2050 would go up by 20 percent.  
And without the cost-reducing effects of energy innovation, capital investment requirements in 
the electricity sector for the period 1990-2020 under the IIASA-WEC scenarios would be 8-15 
percent higher in the OECD countries and 25-40 percent higher in the developing countries—an 
extra $1.7-2.2 trillion altogether.16   
 

• Rates of change in global energy systems will remain slow.  Capital turnover times in many 
energy end-use applications are only a decade or two, allowing relatively rapid change and timely 
rectification of mistakes and missed opportunities.  But the lifetimes of energy-supply 

                                                      
15 Recent global patterns of spending on research, development, demonstration, and deployment of advanced energy 

technologies are described in detail in Chapter 2. 
16 See 1DNLüHQRYLü� et al. (1998), p 104.  Electricity-sector investments represent about two-thirds of the energy 

system totals.  Impacts of lack of innovation on the non-electric investments were not estimated. 
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technologies are typically four decades and more, and those of energy-supply and energy-demand 
infrastructures (such as transmission grids and the layouts of cities and transport networks) even 
longer.  Thus the fundamental character of the energy system changes only slowly, and 
deployment of technologies that turn out to be poorly suited to future conditions and requirements 
tends to lock in their excessive costs and impacts for decades.  The time scales for progressing 
from fundamental research to deployment of improved technologies are such, moreover, that the 
energy options available for deployment today are the legacy of the energy research, 
development, and demonstration (RD&D) that has been done (and not done) over the past 30 
years, and the adequacy of the array of energy options that will be available to be deployed in the 
year 2020 and beyond will be shaped by the RD&D programs that are (or are not) put in place 
today and in the years immediately ahead. 

 
 The foregoing portrayal of the characteristics of the energy future under a variety of possible 
scenarios, based on the IIASA-WEC study, is broadly consistent with other recent studies and with this 
panel’s views about the situation.  We would emphasize more than the IIASA-WEC authors did, 
however, the role of the global climate-change issue as a major driver and shaper of energy-technology 
innovation—and of international cooperation on such innovation—over the next few decades.   We agree 
with IIASA-WEC that local and regional pollution problems are seen by most decision makers in the 
developing countries as more immediately dangerous and less uncertain than the hazards of global climate 
change (and rightly so).  But we believe that just the substantial possibility that the climate-change 
problem will develop in the manner depicted for “business as usual” in the Intergovernmental Panel on 
Climate Change Second Assessment (described here in Box 1.3) justifies a larger effort in energy-
technology innovation—and in international cooperation in this domain—than would be required to 
address the other environmental, economic, and international security challenges looming in the world’s 
energy future. 

 

Box 1.2: Small Particle Pollution and Chronic Health Problems 
 
Recent studies indicate that serious chronic health problems—both mortality (life-shortening) and 

morbidity (illness)—are strongly correlated with small particles (diameters less than 2.5 microns) in the air that 
can penetrate into the deep lungs and remain there.a   Much small-particle air pollution is caused by the burning 
of fossil fuels—both direct emissions of small particles and the formation of small sulfate and nitrate particles in 
the atmosphere from gaseous emissions of both SO2 and NOx.  (Extremely high small-particle concentrations 
also occur in indoor air in dwellings in developing countries where either biomass fuels or coal are burned in 
unvented stoves for cooking and water heating.b)  Although there is still considerable uncertainty relating to the 
health impacts of small particles, current evidence suggests they may be large—as much as a few percent of total 
mortality—even in industrialized countries where pollutant emissions are already controlled to relatively high 
levels.c  The small particle problem is particularly vexing because adverse impacts on human health appear to be 
a linear function of the exposure, i.e., there is no threshold below which the pollution is considered safe.c 

 
a Pope et al. (1995) 
b see Smith (1993) 
c Ostro (1993), Pope et al. (1995) 

 
 In the 1997 PCAST study, our predecessor panel noted that the uncertainties surrounding the 
IPCC’s “best estimate” portrayal of the climate consequences of a BAU energy future cut in both 
directions:  the reality might turn out to be better than the IPCC’s depiction, but it might also turn out to 
be worse.  Given this, and given that the “best estimate” entails consequences that much of the world’s 
population would deem unacceptable, prudence calls for an energy-technology innovation program that 
will put into place the capacity to reduce GHG emissions in the decades ahead to well below BAU levels, 
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at affordable costs, if—as seems likely—such reductions prove to be necessary.  Pondering this potential 
requirement, the 1997 PCAST study concluded that  
 

because of the large role of fossil-fuel technologies in the current U.S. and world energy 
systems, the technical difficulty and cost of modifying them to reduce carbon dioxide 
emissions, their long turnover times, their economic attractiveness compared to most of 
the currently available alternatives, and the long times typically required to develop new 
alternatives to the point of commercialization, this possible greenhouse-gas-reduction 
mandate is the most demanding of all of the looming energy challenges in what it 
requires of national and international energy R&D efforts. 

 
We emphatically concur, while adding two points. First, the weight of the additional observations 

and analyses that have been published in the climate-science literature since the IPCC’s 1995 Second 
Assessment (and even since PCAST’s 1997 report) supports the propositions that GHG-related changes in 
climate are increasingly apparent in global weather patterns and that these changes, as they grow in step 
with increasing GHG concentrations in the atmosphere, are likely to influence human well-being in ways 
far more negative than positive (see Box 1.4.).  Second, it has become increasingly apparent in the global 
energy-policy, climate-policy, and sustainable-development literatures,17 in international meetings,18 and 
very specifically in briefings before our panel by prominent energy experts from other countries,19 that the 
importance of the climate-energy challenge for the well-being of the whole planet is now understood by a 
wide cross-section of analysts and policymakers in industrialized and developing countries alike. This is 
not to say, of course, that there is agreement on the measures to be taken and how these should be paid 
for.  There isn’t, as was plain at the 3rd Conference of the Parties (COP) to the UNFCCC in Kyoto in 
December 1997 and the 4th COP in Buenos Aires in November 1998.  But, equally plainly, recognition 
that all countries have a significant stake in preventing unmanageable degrees of climate change is rapidly 
becoming global. 
 
U.S. Benefits from ERD3 Cooperation  
 
 The reasons the United States should be engaged in international cooperation on ERD3 include 
the generic benefits of international cooperation on RD3 (that is, benefits that would apply to cooperation 
on innovation in many different kinds of technologies and products), augmented by benefits that arise 
from specific characteristics of energy technologies, energy challenges, and the links between these and 
U.S. national interests and values.  The generic benefits of cooperation include:   
 

• gaining access to diverse R&D capacities (such as particular kinds of facilities and expertise) that 
are increasingly widely dispersed among countries rather than concentrated in the United States;20   
 

                                                      
17 See, e.g., Goldemberg (1998). 
18 See Journé and Reppy (1998) and Reddy et al. (1997). 
19 For example, Daniel Bouille, Fundacion Bariloche, Argentina; Burkhard Holder, ISES and Fraunhofer Institute, 

Germany; Joachim Luther, EUREC and Fraunhofer Institute, Germany; Jin-gyu Oh, Korean Energy Economics 
Institute, Korea; Dong-Seok Roh, Korean Energy Economics Institute, Korea; Roberto Schaeffer, Federal 
University of Rio de Janeiro, Brazil; Yingyi Shi, Beijing Energy Efficiency Center, Beijing; P.R. Shukla, Indian 
Institute of Management, India. 

20 Alic et al. (1992), Porter and Stern (1999). 



Powerful Partnerships 

1-16 

• sharing the costs of research, development, and demonstration of kinds of innovations from 
which the gains would not be mainly appropriable by the country of origin (or which require 
RD&D investments larger than any one country is willing to undertake);21   
 

• reducing costs of emerging technologies more rapidly through the accelerated learning that results 
from conducting demonstrations and precommercial deployments in more and bigger markets 
than the ones available domestically;   
 

• enhancing U.S. firms’ understanding of and access to large commercial markets for their products 
in other countries;22  and 
 

• accelerating the development and international deployment of technologies whose use elsewhere 
would improve regional or global economic, environmental, or political conditions to the benefit 
of the United States.23 

 
In the subsections that follow, we address how these generic rationales for international cooperation in 
technological innovation relate more specifically to energy technologies, energy challenges, and U.S. 
interests and values related to these.  
 
 U.S. Economic Interests in International Cooperation on ERD3 
 

As discussed in the 1997 PCAST report, U.S. economic interests in the energy situation in this 
country and the world relate to the desirability, from an economic standpoint, of: controlling costs of 
energy to U.S. consumers and industries; avoiding inflation and recession, in this country and world- 
wide, from oil-price shocks; limiting the impact of energy imports on the U.S. balance of trade; 
maintaining and expanding the market share of U.S. companies in the multi-hundred billion dollar global 
energy-technology market; and enhancing the long-term markets for other U.S. exports by building the 
energy basis for sustainable economic prosperity in developing countries.  These U.S. economic interests 
in energy are served by international cooperation in ERD3 in a variety of ways.  
 

First, to the extent that international cooperation in ERD3 can accelerate the pace, broaden the 
scope, or lower the cost of energy-technology innovation in this country (through whatever combination 
of access to R&D capacities and insights abroad, direct cost-sharing in joint R&D projects, and faster 
learning through demonstration and deployment in more and bigger markets), this will tend to lower the 
costs of energy to U.S. consumers and firms below what they would otherwise be.  While real costs of 
energy in the United States are near their long-term historical levels (and low compared to those of the 
1970s and 1980s), they still account for a not insignificant share of the cost of living (and a bigger share 
for the poor than for the rich); they still affect the international competitiveness of U.S. firms in energy-
intensive sectors of the economy; and they could be driven up in the future, as noted in the earlier PCAST 
report, “by increasing competition for world oil output, by manipulation of the world oil market, by 
political instability in the Persian Gulf, by environmentally motivated requirements to reduce emissions 
from fossil-fuel combustion, and by other eventualities of both foreseeable and unforeseeable types”. 
 

                                                      
21 Arrow (1962). 
22 Granstrand et al. (1993). 
23 We include, in the category of benefit to the United States, the sense of U.S. citizens that this country is 

appropriately discharging the obligation of the world’s richest nation to assist those less fortunate.  See the 
discussion below on “International Cooperation on ERD3 and U.S. Values”. 
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Box 1.3:  The Assessments of the Intergovernmental Panel on Climate Changea
 

 
The emission of heat-trapping carbon dioxide gas from fossil-fuel combustion is the largest contributor to 

the possibility that amplification of the atmosphere’s “greenhouse effect” by human activities will significantly 
change the global climate.  The evidence is compelling that the global composition of the atmosphere with respect to 
carbon dioxide and some of the other greenhouse gases (GHG) has already been significantly influenced by human 
activities, but there has been uncertainty and controversy about whether the imprint of GHG-induced climate change 
is already discernible in the complex patterns of global temperature, precipitation, cloudiness, oceanic circulation, 
and so on, all of which are subject to substantial natural variability.  Considerable uncertainty and controversy have 
also surrounded estimates of the pace at which climatic change will become more pronounced as greenhouse-gas 
concentrations continue to grow and about the magnitude and geographic distribution of the physical, ecological, 
and human consequences. 
 
 In the face of growing concerns and controversies about the potential magnitude of this problem and what 
to do about it, the World Meteorological Organization and the United Nations Environment Programme jointly 
established, in 1988, the Intergovernmental Panel on Climate Change (IPCC), with a mandate to “(a) assess 
available scientific information on climate change, (b) assess the environmental and socioeconomic impacts of 
climate change, and (c) formulate response strategies”.  The First Assessment Report of the IPCC b served as the 
principal technical input to the negotiation of the United Nations Framework Convention on Climate Change, which 
was completed in 1992 and came into force in 1994 after ratification by 164 nations (including the United States).  
All parties to this treaty—industrialized and developing countries alike—agreed in it to formulate and implement 
national programs for mitigating climate change and to “cooperate in the development, application, and diffusion, 
including transfer, of technologies, practices, and processes” to control GHG emissions. 
 
 The IPCC followed up its 1990 “First Assessment” with supplemental assessments in 1992 and 1994 and a 
major “Second Assessment” completed in 1995 and published in 1996.c  Among the principal findings of the 1995 
assessment were that: 
 
• “the balance of evidence suggests a discernible human influence on global climate”;   
 
• the increase in mean global surface air temperature between 1990 and 2100 under a mid-range emissions 

scenario would probably lie between 2.2 and 6.5 degrees Fahrenheit, with higher increases in the middle of 
continents and at high latitudes;  the atmospheric carbon dioxide concentration in 2100 under this scenario 
would be the highest it has been in 50 million years; 

 
• the warmer temperatures will lead to an increase in sea level (“best estimate” for the mid-range scenario about 

one-and-a-half feet by 2100, continuing to increase thereafter), an “increase in the occurrence of extremely hot 
days and a decrease in the occurrence of extremely cold days”, and “a more vigorous hydrological cycle” 
(which is projected to result in more high-rainfall events and more floods);    

 
• “climate change is likely to have wide-ranging and mostly adverse impacts on human health”; 
 
• “boreal forests are likely to undergo irregular and large-scale losses of living trees because of the impacts of 

projected climate change”;   
 
• agricultural productivity “is projected to increase in some areas and decrease in others, especially the tropics 

and subtropics”;  and 
 
• other negative impacts are possible “on energy, industry, and transportation infrastructure; human settlements; 

the property-insurance industry; tourism; and cultural systems and values”. 
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Box 1.3 continued 
 

The 1995 Assessment also emphasized that many uncertainties remain and called particular attention to the 
possibility of “surprises” arising from the non-linear nature of the climate system.   And it presented further analyses 
indicating, as previous IPCC assessments and the work of others have also done, that rapid reductions in the rate of 
increase of greenhouse-gas concentrations in the atmosphere will be very difficult to achieve even if political 
agreement can be reached that this is desirable, not least because of the long residence times of these gases (decades 
to centuries) in the atmosphere.     
 
 The ultimate objective of the Framework Convention on Climate Change is “stabilization of GHG 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the 
climate system”.  While there is as yet no formal agreement on the level that meets this condition, few serious 
analysts of climate change think that CO2 concentrations more than twice the preindustrial value—that is, more than 
550 parts per million by volume (ppmv)—would not pose significant dangers.  In order to stabilize at 550 ppmv, the 
IPCC and others have shown, cumulative emissions between 1990 and 2100 would need to be less than two thirds 
those expected under BAU, and annual emissions would need to begin to decline after peaking at no more than 11 
GtC per year around 2030.   The lowest-carbon scenarios in the IIASA-WEC study (e.g., Scenario C1) would 
stabilize atmospheric CO2 at about 450 ppmv.  These kinds of outcomes—stabilization at 550 ppmv or less—can 
only be achieved with a combination of sustained reductions in energy intensities and rapid expansion of the 
contribution of low-carbon-emitting energy options (renewable, nuclear, and carbon-sequestering fossil-fuel 
technologies) to global energy supply.  
 
a Much of this box is condensed from the treatment in the earlier PCAST study on “Federal Energy Research and 
Development for the Challenges of the Twenty First Century” (PCAST 1997). 
b IPCC (1990) 
c IPCC (1992, 1994, 1996) 

 
 Second, the leverage of international cooperation in ERD3 on U.S. oil-import bills and U.S. 
vulnerability to oil-price shocks is not limited to cooperation’s cost-lowering effects on domestic 
alternatives to imported oil; it includes as well the downward pressure on world oil prices that comes 
from the effects of ERD3 cooperation in speeding up the development and deployment of affordable 
alternatives to imported oil in other countries.  A yardstick for judging the potential economic importance 
of the first of these two leverage points is the cost of U.S. oil imports, which was about $60 billion per 
year in the mid-1990s and was projected by the U.S. Department of Energy to reach about twice that 
figure (in 1995 dollars) by 2015.24  A corresponding yardstick for the second is the size of world oil trade, 
which in 1997 was some 280 billion dollars and which in the IIASA-WEC scenarios most closely 
resembling “business as usual” reaches 400-500 billion 1997$ per year in 2020.25  
 
 Third, the understanding of and access to foreign markets that the United States gains by 
international cooperation in RD3 is of particular importance in the case of energy technologies because an 
unusually large (and rapidly growing) share of the market for these technologies is outside of the United 
States.  (Table 1.4 shows the growing preponderance of the non-OECD countries in world energy-supply 

                                                      
24 This figure is for the “reference” case in the Energy Information Administration’s “Energy Outlook” document 

for 1997 (EIA 1997). 
25 See BriWLVK� 3HWUROHXP� ������� DQG� 1DNLüHQRYLü� et al. (1998).  More directly relevant—although also more 

controversial—are model-derived estimates of the differences between expenditures on oil imports under high-
innovation versus BAU scenarios.  In the IIASA-WEC study, for example, oil import costs for the United States 
and Canada in 2020 under the high-innovation Scenario C1 were 60 billion 1997$ lower than in the low-
innovation Scenario B.   
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investments between 1990 and 2050, as modeled in the IIASA-WEC scenarios.)   The concentration of 
the main energy-technology-market action outside of the United States today is particularly pronounced 
in the case of nuclear-energy technology (100 percent of the market for new reactors outside the United 
States in the near term), wind-energy technology (90+ percent of the new wind turbine market outside the 
United States in recent years), photovoltaic cells (80+ percent outside this country in recent years), and 
coal-fired power plants (most of the market is elsewhere now and probably will continue to be for at least 
the next two or three decades).26 
 

Box 1.4:  Climate Science Since the Second IPCC Assessment 
 
Since the Second IPCC Assessment, the scientific evidence concerning human influences on the global 

climate system has continued to accumulate.  In particular, recent data and analyses show more persuasively than 
before that the surface temperature of the Earth is increasing; that this increase can be attributed, in large part, to 
human-caused increases of greenhouse gases in the atmosphere; and that the continuation of these trends is likely to 
be associated with climatic changes of forms and degrees capable of adversely affecting large numbers of people.  In 
what follows we elaborate briefly on some of these findings.    
 
Of the 120 to 140 years for which thermometer records are sufficiently complete to define a global average 
temperature, the 11 warmest years have all occurred since 1983.  The three warmest years on record were 1998, 
1997, and 1995, in that order.a 
 
According to “proxy” temperature records embodied in glaciers and ice sheets, lake sediments, corals, tree rings, 
and the like, the last 10 years appear to have been the warmest decade (and 1998 appears to have been the warmest 
year) in the Northern Hemisphere in 1,000 years.  Worldwide, the twentieth century has been the warmest in at least 
the last 500 years.b 
 
Greenhouse gases from human activities have emerged as the dominant driver of these global-average temperature 
increases in the 20th century.  While solar variability, volcanic eruptions, and El-Nino cycles also contribute to these 
global temperature patterns, the 20th century record cannot be explained solely by invoking these phenomena.c   
 
The regional patterns of temperature changes across the surface of the Earth and the vertical patterns of 
temperature changes as one ascends through the atmosphere provide further evidence that what is being observed is 
human-induced global warming.  These patterns are consistent with what is expected under anthropogenic climate 
change and are inconsistent with hypotheses suggesting that solar variability and/or the urban-heat island effect can 
be used to explain the instrumental temperature record.d 
 
Field data, complemented by modeling studies, suggest that continuing increases in average temperature will be 
accompanied by altered global precipitation patterns, increased incidence of floods, droughts, and destructive 
storms, and large increases in the “heat index” (combining temperature and humidity) in geographic regions that 
already range from unpleasant to practically unlivable in summer.  More catastrophic changes cannot be ruled out, 
such as the collapse of the West Antarctic Ice Sheet (which could raise sea level by 5 meters in the space of 500 
years) or weakening of the ocean-circulation patterns that carry heat in winter to the Southeastern United States and 
to Western Europe.e   
 
a The U.S. National Climate Date Center considers records to be adequate back to about 1880, while the UK 

Meteorological Office goes back to about 1860.  See http://www.ncdc.noaa.gov/ol/climate/research and 
http://www.meto.gov.uk. 

b  See, e.g., Mann et al. (1999) and  Pollack et al. (1998). 
c   Mann et al. (1998).   
d  See Wigley et al. (1998), Wentz and Schabel (1998), and Peterson et al. (1999). 
e See Karl and Knight (1998), Knutson et al. (1998), Oppenheimer (1998), and Broecker (1997). 

                                                      
26 See, e.g., Siegel and Rackstraw (1999) and Siegel (1999). 
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Table 1.4:  Cumulative Investments In Energy-Supply In IIASA/WEC Scenarios 

 

trillion 1997$ in 1990-2020 2021-2050 

OECD 4.8 – 9.2 4.1 - 13 
REFs 2.0 – 3.3 2.0 - 5.8 
DCs 4.5 – 7.1 11 - 19 

Worlda 11 - 19 17 - 37 
 
6RXUFH��1DNLüHQRYLü�et al. (1998).  Some totals do not add because of rounding, and because the maximum and 
minimum numbers may be associated with different scenarios for each of the regions. 
 
 Finally, the generic argument that U.S. technological cooperation with other countries serves U.S. 
economic interests by fostering growth in economies that in consequence become larger markets for U.S. 
goods of all kinds—most often made in connection with cooperation with developing countries—applies 
with particular force to the case of cooperation on energy technology, because energy is such an 
indispensable (and often even limiting) ingredient in economic development.  The point is illustrated by a 
comparison of the “muddling through” and “high innovation/low carbon” scenarios in the IIASA-WEC 
study (Scenarios B and C1, respectively): ppp-corrected GDP in the developing countries in the latter 
scenario is larger than in the former by 3.7 trillion 1997$ in 2020, 9.7 trillion 1997$ in 2050, and 35 
trillion 1997$ in 2100.  
 
 U.S. Environmental Interests in International Cooperation on ERD3 
 
 The United States gains environmentally from international cooperation on ERD3, first of all, to 
the extent that such cooperation increases (through access to important capabilities, cost sharing, etc.) the 
pace and scope with which high-environmental-impact energy technologies used in the United States can 
be replaced with lower-environmental-impact technologies at competitive cost.27  Progress in this 
direction directly improves the environmental quality experienced by U.S. citizens by reducing the local 
and regional air and water pollution problems to which energy-supply technologies are often the dominant 
contributors, and it reduces the contribution of the United States to the growth of global environmental 
problems—above all GHG-induced climate change—and thereby reduces the longer-term risks and 
damages that the United States (and other countries) ultimately will experience from this set of problems.  
A subsidiary benefit of any accelerated improvement, through international cooperation on ERD3, of the 
environmental characteristics of U.S.-deployed energy technologies is the value of the U.S. example of 
progress in this direction for helping to persuade other countries of the reasonableness of moving along 
this path, too.  (Their progress in this direction benefits the United States by reducing their contributions 
to the growth of global environmental problems that impose costs and risks on this country.) 
 
 The largest potential leverage of international cooperation in ERD3 on global environmental 
problems that threaten the United States, however, is through the effects of that cooperation in hastening 
the deployment of lower-environmental impact energy-supply as well as energy-efficiency technologies 
in the developing countries and reforming economies.   This leverage is high both because so much of the 
world’s potential growth in energy use in the next century is in these countries, and because the existing 
and BAU levels of environmental performance of energy technologies in these countries are so low.  
Figure 1.3 shows the dominance of the contributions of developing countries and reforming economies to 
the future world energy growth in the IIASA-WEC Scenario A2.   Table 1.5 shows the difference in 

                                                      
27 What cost is competitive can be influenced, of course, by taxing the most worrisome forms of emissions (carbon, 

sulfur, fine particulates) or achieving a similar result by regulation. 
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carbon emissions between Scenario A2 and the low-emissions Scenario C1.  The task here, of course, is 
actually to achieve the degree of international cooperation on low-environmental-impact ERD3 that would 
be needed to realize some significant part of the emissions-reduction potential illustrated by Table 1.5. 
 

Table 1.5:  Net Carbon Emissions Under IIASA-WEC Scenarios A2 And C1. 
 

  Scenario A2 Scenario C1 
Carbon emissions (GtC) in 1990 2020 2050 2100 2020 2050 2100 

OECD 2.8 3.8 4.3 5.4 2.0 0.91 0.16 
REFs 1.3 1.5 2.3 3.1 1.0 0.85 0.33 
DCs 1.8 4.6 8.1 11 3.4 3.6 0.95 

World 5.9 9.9 15 20 6.3 5.3 1.4 
6RXUFH��1DNLüHQRYLü�et al. (1998). Some totals do not add because of rounding. 
 
 
 A vigorous and effective program of international cooperation on ERD3 along the North-South 
axis, in particular, would be likely to have the further benefit of enhancing the sense of common interest 
and joint purpose that will be so important in strengthening the wider collaborative framework for 
addressing the global energy/climate-change challenge.  The UNFCCC, which after all, as a ratified 
international treaty, is the law of the land in the United States and the more than 160 other nations party to 
it, calls explicitly for such cooperation.   The prospect of securing this cooperation, with the expected 
benefits in accelerated access to technologies seen as important contributors to sustainable-development 
goals, was clearly one of the primary inducements to developing countries to join the UNFCCC when it 
was negotiated at the beginning of the 1990s (when the evidence about the pace and scope of GHG-
induced climate change itself was considerably less comprehensive and compelling than it is today).  Now 
it seems likely that evidence of actual commitment on the part of the North to strengthen North-South 
cooperation on ERD3 will be a prerequisite for agreement by most countries in the South on specific 
commitments to reduce their future GHG emissions below BAU-type trajectories.  This is clearly a matter 
of the greatest importance, not only because of the growing role of emissions from the South in the 
problem but also because the United States and other key countries in the North may continue to tie their 
own willingness to make and keep reductions commitments to the willingness of the South to join a 
reductions regime.  In this crucial sense of joint willingness to move forward at all, then, as well as in the 
practicalities of how to do it, improving international cooperation in ERD3 is likely to be indispensable.  
(The “good news”, as much of the rest of this report will show, is that there are many promising ways to 
do this.) 
 
 We note finally, under the heading of U.S. environmental interests in ERD3 cooperation, that 
climate change is not the only environmental impact of energy technologies that, by respecting no 
geographic boundaries, creates incentives for the United States to cooperate in improving the technologies 
used in other countries.  Transboundary air pollution is another such problem, including especially the 
long-distance transport of particulate hazes and the precursors of acid deposition.28  Still another is leaks 
and spills of oil into the oceans—a global “commons”—from drilling rigs, tankers, and coastal refineries 
and storage tanks.  And a last one, underscored for all the world by the Chernobyl accident in 1986, is the 
transboundary movement of radioactivity following accidents at nuclear-energy facilities.  This problem 
gives impetus to international cooperation to improve the safety of such facilities not only because of 
                                                      
28 The United States is better protected by geography from these problems than most countries are and so, for 

example, does not have such strong incentives to participate in controlling Chinese sources of these kinds of 
emissions as, say, Japan does (Phar and Wan, 1998).  But U.S. incentives to participate in controlling emissions 
sources in Mexico and the Caribbean are considerable. 
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direct concerns with the economic and health impacts of the radioactivity that may cross boundaries after 
an accident, but also because of the ramifications, for the use of nuclear energy around the world, of even 
one more accident near the size of Chernobyl.  If political pressure to shut down nuclear-energy 
operations elsewhere became irresistible after such an accident, there could be substantial local, regional, 
and ultimately even global environmental consequences from the rapid substitution of fossil-fuel-fired 
electricity generation that, under circumstances similar to today’s, would be the most likely result. 
                               

 
                     

Figure 1.3:  Distribution of Energy Growth in IIASA-WEC Scenario A2 
 
  
 U.S. Security Interests in International Cooperation on ERD3 
 
 The connections between energy and national and international security were discussed at some 
length in the previous PCAST report.  The relevant interests of the United States to which international 
cooperation in ERD3 are germane include reducing the potential for conflict over access to oil and gas 
resources; minimizing links between the use of nuclear-energy technologies and the acquisition of 
nuclear-weapons capabilities by nations of proliferation concern or by subnational groups; and avoiding 
energy problems in other countries with economic, environmental, or political consequences severe 
enough to aggravate or generate possibilities for armed conflict. 
 
 With respect to reducing the potential for conflict over access to oil and gas, we have already 
treated above, under “economic interests”, the ways in which international cooperation in ERD3 can 
contribute to reducing the dependence both of the United States and of other countries on imported oil.  
These connections of ERD3 cooperation to oil-import reductions in the United States and abroad are as 
beneficial to this country’s security interests as to its economic ones.  On this point the earlier PCAST 
panel wrote:  
 

To say that growing tensions and potential problems for the national-security interests of 
the United States and its allies are likely to arise from intensifying competition for world 
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oil and gas supplies is not to recommend that the United States and other nations pursue 
energy independence, which is neither feasible nor, in today’s multiply interdependent 
world, even desirable. But it is desirable to try to limit the tension-producing potential of 
overdependence on imports (especially on imports from regions of precarious political 
stability), as well as the tension-producing potential of resources of disputed ownership, 
by working to diversify sources of supply of oil and gas (including domestic supplies in 
the major importing regions), to develop further the non-oil-and-gas sources of portable 
fuels and electricity, and to increase the efficiency of energy end-use.   

 
 With respect to minimizing the potential links between nuclear-energy use and nuclear-weapons 
capabilities, there are three technological leverage points: (a) discouraging the use of the less 
proliferation-resistant existing variants of nuclear-energy technology in favor of the more proliferation-
resistant existing variants; (b) improving technical capabilities for monitoring and protecting nuclear-
energy facilities of existing types against diversion of their nuclear materials; and (c) exploring, through 
R&D, the potential of alternative proliferation-resistant nuclear-energy technologies for possible future 
use.29  It is in the nature of all these approaches that international cooperation is absolutely essential to 
their success.  Most nuclear-energy facilities are outside of the United States, as are all of the prospective 
increases in nuclear-energy capacity in the immediate future and much of the vulnerability of weapon-
usable materials in nuclear-energy facilities to theft by subnational groups.  Thus, while what the United 
States does about these matters domestically is of some importance, what is done elsewhere (above all in 
Asia, in terms of the potential for expansion of nuclear energy in the next few decades) will be paramount 
in determining the evolution of nuclear energy’s proliferation risks.  In this situation, U.S. participation in 
international cooperation on RD3 in nuclear energy—comparative assessment of available nuclear-energy 
technologies, RD3 to improve safeguards on the ones that are deployed, R&D in pursuit of more 
proliferation-resistant options for possible use in the future—is essential if this country expects to have 
much influence on this issue.  
 
 The most wide-ranging and far-reaching connection between international cooperation on ERD3 
and U.S. security interests, however, is not about oil or nuclear energy per se but about the role of 
adequate, affordable, and low-environmental-impact energy supplies in helping to build the basis of an 
enduring prosperity for all of the world’s people.  That economic problems can produce political 
instability and conflict is so well known as to need no elaboration here.  The historic and prospective links 
between environmental problems and conflict have been less intensively studied and publicized, but 
recent studies have shown in considerable detail how important these links can be.30  Global climate 
change, in particular, if not deflected by improved technologies and effective policies from its likely path 
under “business as usual”, poses a variety of risks—in terms of water availability, agricultural output, 
fisheries yields, forest productivity, disease patterns, sea-level rise, flows of environmental refugees 
arising from all of these, and disputes about blame and responsibility—whose potential to generate 
international tensions and increase the likelihood of conflict is hard to doubt. 
 

                                                      
29 Along with technological approaches for minimizing proliferation risks there are, of course, extremely important 

political ones, including maintenance of the Non-Proliferation Treaty and Comprehensive Test-Ban Treaty 
regimes, progress in nuclear-arms reductions by the existing nuclear-weapon states, the provision of adequate 
authority and budget to the International Energy Agency’s nuclear-energy safeguards operations, the minimization 
of proliferation incentives through alliances and security assurances, and so on.  These kinds of approaches, as 
important as they are, do not obviate the need for complementary technical measures to minimize the contribution 
of nuclear-energy systems to proliferation possibilities.  See, e.g., Holdren  (1989).   

30 See Lipschutz and Conca (1993), Homer-Dixon et al. (1993), Kennedy et al. (1998), and especially Homer-Dixon 
(1999).  
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 Because energy is both an indispensable ingredient of economic prosperity and the dominant 
ingredient of many of the principal environmental threats to human well-being, including above all the 
threat of climate change, getting energy right is going to be crucial to the prospects of meeting economic 
aspirations worldwide without intolerable consequences for the environmental dimensions of well-
being—crucial, in other words, to creating the economic and environmental foundation for a stable world 
order, and thus crucial to U.S. security interests.  The largest leverage available to the United States on 
this problem—on getting energy right around the world—is international cooperation on ERD3. 
 
 International Cooperation on ERD3 and U.S. Values 
 

Nearly 3 billion people in the world lack adequate sanitation.  Some 1.5 billion people do not 
have access to a clean and reliable source of water.  Hundreds of millions lack access to a hospital or 
medical facility with even the most rudimentary capacity to sterilize equipment, refrigerate medicines, or 
heat wards.  And hundreds of millions of women and children labor long and hard to collect “traditional” 
biomass fuels, and then often suffer debilitating respiratory and other illnesses from the use of these 
energy forms in poorly ventilated indoor environments.  The technologies to produce inexpensive, clean, 
and reliable sources of energy—along with the political will and economic means to secure and distribute 
those technologies—could significantly alleviate this human suffering.  Many citizens of the United 
States believe that the people of the world have a fundamental right to a decent existence (including 
adequate food, clothing, and housing); they also believe that the United States as a nation has an 
obligation to exercise its leadership and leverage its wealth to help secure that existence.  Thus, on one 
level, the United States should participate in international ERD3 activities not only because they promote 
U.S. interests, but because it is the right thing to do—because this nation should and will be judged on 
what it offers those significantly less fortunate.  

 
But the potential to fulfill U.S. values does not stop with securing the basic components of a 

decent existence for the people of the world.  At the next level, access to a clean and reliable source of 
energy can mean the difference between time devoted to securing an education and time devoted to 
acquiring fuel, the difference between a local economy in which there are choices for productive 
engagement and one in which subsistence activities are the norm.   Efficient and clean technologies can 
reduce the environmental impacts associated with supplying energy and, at the same time, deliver the 
prosperity required to release people from their immediate needs and make resources available to pursue 
higher and broader aspirations for self-fulfillment, building civil society, and environmental management 
and preservation.  Thus, U.S. participation in international ERD3 activities can give people the means to 
fulfill other basic values—the right to education, opportunity, self-determination, environmental 
stewardship, and security.  

 
 

RATIONALES AND ROLES FOR GOVERNMENT INVOLVEMENT 
 
That international cooperation in energy-technology innovation serves U.S. interests and values 

would not in itself justify government engagement in or support of such cooperation if there were reason 
to believe that private-sector activity was doing and would continue to do everything along these lines 
that U.S. interests and values require.  Certainly, as the portrayal of patterns and trends in international 
cooperation in ERD3 in Chapter 2 will make clear, the role of the private sector is very large—with 
private international investment flows far larger than public ones, in the energy sector as in others—and 
growing.  The case for government involvement depends on the ways in which the large and growing 
portfolio of private-sector activities in international cooperation on ERD3 may, notwithstanding its size 
and diversity, nonetheless fall short of fully addressing the U.S. interests and values at stake, and on the 
ways in which government participation and policies can contribute to reducing these shortfalls.   It is to 
these specific rationales and roles for government involvement that we now turn.  
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Rationales 
 
The standard catalog of reasons that private-sector activities may fail to adequately serve 

society’s interests (market “failures” or “barriers”), includes: externalities (such as environmental 
pollution), public goods (such as national security), neglect of the special needs of the poor (who are 
under-represented in economic markets); excessive concentrations of market power (monopoly, 
oligopoly, cartel); lack of adequate information (which may afflict either producers or consumers); and 
enlargement of the gap between society’s interests in energy innovation and private willingness to invest 
in it by problems of market structure, magnitude of risk, size of investment, long time horizon for returns, 
or nonappropriability of research results by the firms doing the research.  These contributors to the 
difference between public and private incentives to invest in innovation constitute rationales for 
government action wherever forms of intervention are available that can generate public benefits from the 
alleviation of the market failure or barrier that are worth more than the costs of the intervention.   

 
The bigger the costs of a market failure (or, equivalently, the bigger the benefits of remedying it), 

the stronger the case for government involvement.  Thus it is important that in the case of energy markets 
and, more particularly, international cooperation in energy innovation, many of the listed kinds of market 
failure tend to be substantial.  We have already argued, for example, that the environmental externalities 
of energy supply are large (and, with unabated growth of the climate-change problem, likely to become 
much larger)31 and that the national-security public good that is at stake in energy choices of various kinds 
is also very large.  In addition:   

 
• the special needs of the poor are of particular importance in relation to energy choices because 

energy is so indispensable to meeting the basic human needs  whose provision is in doubt for the 
poorest of the poor, because the cost of energy is a much higher part of the cost of living for the 
poor than for the affluent, because the poor are more at risk from the recession and 
unemployment that large and sudden energy price increases can bring, and because the poor tend 
to be more imperiled by energy’s environmental impacts (from indoor air pollution to global 
climate change);   
 

• the issue of excessive concentration of market power was very important, in the relatively recent 
past, in the case of the Organization of Petroleum Exporting Countries (OPEC) oil cartel, and 
without action to prevent this it is likely to become important again; 
 

• the market failure of inadequacies in information tends to be important in the energy field in 
general because of the diversity and technical complexity of the options and, in relation to 
international dimensions of energy in particular, because the developing countries tend to lack the 
large analytical establishments, highly educated consumers, and public-information programs that 
are required;   

 
The problems related to attenuation of private-sector incentives to perform energy RD3 also tend to be 
large in the energy sector, in some cases for reasons of the long time horizon associated with development 
and substantial deployment of new energy technologies, in others because of the large size of the 
investments involved, in still others because of the small profit margins in energy commodity markets, 
and in many more because of particular characteristics of market structure and/or non-appropriability of 

                                                      
31 Quantifying and monetizing market failures is generally difficult, and doing so for the environmental externalities 

of energy supply is no exception.  In the rough attempts that have been made, however, it is not unusual to find 
estimates of the external environmental costs of energy supply approaching or exceeding the market prices of that 
energy.   6HH��H�J���+ROGUHQ��������DQG�1DNLüHQRYLü�et al. (1998). 
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research results (varying in ways that require case-by-case discussion, which is provided in Chapters 4 
and 5). 
 
 Beyond the market failures and barriers just discussed, other rationales for government 
involvement include complementarity of public and private capabilities (which, in the issues of interest 
here, can be in relation to research, development, demonstration, deployment, or the interaction of these) 
and needs for policy change to lower barriers to beneficial private or public activity that have been 
created by other government policies with other aims.   With respect to complementarity, for example, 
there are exceptional capabilities in the Department of Energy’s national laboratories relating to research 
in the basic energy sciences—materials science, chemical engineering, earth sciences, and so on—that 
underpin the potential for advances in a wide variety of energy-technology applications, including many 
that would be of particular importance in developing countries.  For reasons discussed in Chapter 2 and 
also in the earlier PCAST energy R&D study, these kinds of large-laboratory, basic-energy-sciences 
capabilities, which are an important part of what the United States has to offer to international cooperative 
efforts on energy innovation, are becoming increasingly scarce in the private sector over time.32  The 
interactions between international ERD3 policies and other energy and non-energy policies are taken up in 
a separate subsection, below.  
 
Roles 
 
 The roles for sensible government engagement with international cooperation on ERD3 can be 
categorized in terms of the intersections of the rationales just described with the diverse kinds of 
cooperative activities that fall under the heading of ERD3.  The latter include joint participation in and/or 
funding or other encouragement of   
 

(1) efforts to improve the technical, economic, and environmental characteristics of the mix of energy 
options available in the marketplace, including:  (a) the conduct of fundamental energy-related 
research and applied energy-technology research and development, and the construction or 
improvement of facilities and the acquisition of equipment for these activities; (b) demonstration 
and niche and precommercial deployment of innovative energy technologies; (c) education, 
training, and information exchange to improve capacities for the foregoing; and (d) managerial 
and institutional innovation to support all of the above; 

 
(2) efforts to increase the rate of deployment of the available energy options that best address the 

interests and values of the parties to the cooperation, including: (a) integrated assessment of the 
benefits, costs, and risks of alternative energy technologies and energy-system designs; (b) 
education of government policy makers, energy suppliers, energy consumers, and the public 
about the available options; (c) formulation of performance standards with respect to desired 
energy-technology characteristics; (d) creation or improvement of infrastructure to support 
targeted technologies; (e) provision or arrangement of financing for targeted technologies; (f) 
support for targeted technologies (which may include tax incentives, loan guarantees, production 
credits and price guarantees, subsidy/auction combinations, portfolio standards, and green 
marketing); (g) other measures to correct perverse incentives and lower bureaucratic barriers 
obstructing deployment of targeted technologies; and (h) managerial and institutional innovation 
to support all of the above.    

 

                                                      
32 Specific examples of the relevance of these kinds of capabilities to particular foci of international cooperation in 

energy R&D are provided in Chapters 4 and 5, along with examples of other kinds of government/private-sector 
complementarity relating to ERD3 cooperation.    
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It is critical, of course, given the much larger scale of private-sector activities compared to government 
activities in most of the facets of both of these categories, that the government activities be designed with 
a sharp focus on the specific market failures or barriers to be overcome and/or the specific public-private 
complementarities to be exploited, and on how government efforts can enable and catalyze much larger 
private-sector undertakings.  
 
 
INTERACTIONS BETWEEN ERD3 COOPERATION AND OTHER NATIONAL POLICIES 
 
 The international cooperation on ERD3 undertaken by private-sector and public-sector actors is 
influenced by a wide array of policies besides those designed to address such cooperation directly.   These 
include policies focused on domestic energy RD&D within the cooperating countries, their energy 
policies besides those focused on RD&D, and non-energy policies with a wide variety of foci.   The kinds 
of energy policies that may be relevant, other than those focused on RD&D, include subsidies, price 
controls, and taxes on existing energy technologies; deregulation and privatization of energy industries; 
and environmental regulation of energy technologies.  The kinds of non-energy policies that may be 
relevant include, particularly, trade policy, intellectual property rights policy, antitrust policy, tax policy, 
foreign policy, and defense policy.  A thorough treatment of how all of these policies may either 
complement or interfere with policies and measures aimed at promoting international cooperation in 
ERD3 is far beyond what could be accomplished within the framework of our study, but we offer in what 
follows a few observations on some of the most important interactions. 
 
Domestic Energy and Environmental Policies 
 
 The domestic environment for energy RD&D is the foundation on which forays into international 
ERD3 cooperation must be built.  It is not possible to cooperate effectively if the deficiencies in the 
domestic foundation of one or more of the partners are too large.  It can and should be part of the 
international ERD3 cooperation strategy of the United States to help its partners build the domestic 
capacities from which a more effective interaction can proceed, but a robust U.S. domestic energy RD&D 
effort is the foundation of it all.  Achieving this was, of course, the focus of the 1997 PCAST study on 
“Federal Energy R&D for the Challenges of the 21st Century”, and we take this opportunity to underline 
the importance of implementing its recommendations as an important part of the basis for successful 
cooperation on the international front. 
 
 Deregulation and restructuring of energy industries have been changing the environment for 
energy-technology innovation in ways that were spelled out in some detail in the 1997 PCAST study.  As 
noted there, it is critical that means for reflecting environmental costs and public-goods benefits in ERD3 
decisions be preserved and strengthened as deregulation and restructuring proceed.  It is likewise 
important, from the standpoint of international ERD3 cooperation, that this be happening as well in the 
countries with which the United States is trying to cooperate.  Without that, much of the potential benefit 
of innovation in high-efficiency and low-emissions energy technologies will not be realized because 
market conditions will produce smaller deployments of these technologies than society’s interests 
warrant.  
 
 Consider society’s interest in reducing the emissions of carbon from the world’s energy system.  
It is conceivable that vigorous national and international efforts on innovation in low-carbon-emitting 
energy technologies will produce an array of technologies that are not only much lower in carbon 
emissions but also less expensive than the fossil-fuel technologies that dominate U.S. and global energy 
supplies today.  But it seems more likely—if the environmental and social costs of energy use are not 
reflected in the market price—that many of the low-carbon options will remain costlier than conventional 
fossil-fuel technologies (where low-cost fossil fuels are available) for some decades to come.   In that 
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event, and assuming that the climate-change problem continues to evolve along the lines that the IPCC 
assessment and subsequent evidence suggest it will, the energy-system performance that society’s 
interests require will only be forthcoming if this country and others impose either carbon taxes or, 
equivalently, binding caps on emissions implemented through tradable permits.33 
 
Trade and Intellectual Property Rights Policies 
 
 The capacity and desire of U.S. companies to engage in joint ventures with entities in other 
countries and even merely to market their technologies abroad are influenced by a wide variety of policies 
adopted by this and other countries relating to trade and intellectual property rights.   Closely related to 
policy stances on these issues is the long-standing tension between the competitive and cooperative 
aspects of international economic relations. 
 
 With respect to trade policies, key issues are restrictions on the transfer of militarily sensitive 
technologies, trade barriers that countries erect to restrict the access of foreign manufacturers to domestic 
markets, and incorporation into international trade regimes of provisions to protect the environment.  
Protecting technologies of genuine military significance is obviously important, but equally obviously this 
can be overdone.  The boundaries of what needs to be protected are inherently fuzzy, but ought to be 
reviewed periodically with an eye to the trade-offs between caution in the protection of military 
advantage, on the one hand, and the economic, environmental, and even security benefits of greater 
technology transfer and cooperation, on the other.  As for trade barriers designed to protect domestic 
markets, these are generally as inimical to the long-run interests of the country trying to protect itself as to 
the interests of the world as a whole—a proposition no less applicable to innovative energy technologies 
than to other domains—and the reasonably steady U.S. policy to oppose such barriers therefore is in step 
with this country’s interests in increasing ERD3 cooperation.  Incorporating protections for the 
environment into international trade regimes, which has been another reasonably steady aim of U.S. 
policy on other grounds, also supports this country’s interests in ERD3 cooperation insofar as those 
involve the transfer of low-environmental-impact energy options. 
 
 International agreements to protect intellectual property rights are essential to assure companies 
that innovations they have paid to develop will reap a fair return in the international marketplace.  
Without the protection of such agreements, firms may be deterred from entering into joint-venture 
relationships under which their technologies can be manufactured in receiving countries.  In this 
connection, the agreement on Trade-Related Aspects of Intellectual Property Rights concluded at the 
Uruguay Round of the General Agreement on Tariffs and Trade (GATT) was an important step forward.  
The efforts of the U.S. Patent and Trademark Office toward a truly global patent regime, as embodied in 
the proposed Patent Law Treaty, are also moving in the right direction.34  Although differences of view 
between developing and industrialized countries about these intellectual property rights issues are 
sometimes cited as major obstacles to North-South ERD3 cooperation, the value of the intellectual 
property rights in a technology is generally only a small part of the cost of producing and deploying it.35  
Thus, enforcement of an intellectual property rights regime need not, in principle, be a major barrier to 
North-South technology cooperation and transfer. 
 
 The related larger question with respect to international cooperation on technological innovation 
is how to strike a balance between cooperation and competition—that is, for example, from the 
perspective of the United States, between the benefits to this country of cooperation and the costs it 
                                                      
33 Lee (1995). 
34 Stoll (1998). 
35 See Goldemberg (1999) and Wallerstein et al. (1993). 



CHAPTER 1:  U.S. Interests and Government Roles 

1-29 

imposes by strengthening the capabilities of countries that are or will become economic competitors of 
the United States.  Although this is a trade-off that in some respects must be made on a case-by-case 
basis, we think that too often decision-makers thinking about it do so without reflecting on all of the 
benefits of cooperation, taking into account the full range of U.S. interests and values that are at stake as 
we have laid them out here for the case of international cooperation on energy innovation.  We also think 
major trends at work in the world are both increasing the benefits of international cooperation over time 
and decreasing the relevance of concerns about competition.  The benefits of cooperation are being 
increased by the globalization of energy problems (tying U.S. interests ever more tightly to energy 
outcomes in other countries, as discussed earlier in this chapter) and by the globalization of innovation 
capacities (making the flow of innovation benefits from cooperation a two-way street, as discussed in 
Chapter 2).  The relevance of concerns about competition is being reduced by a steady decline in the 
national character of the innovation process and of economic activity more generally, marked by an 
increasing prevalence of international mergers, alliances, and joint ventures, by growing investments of 
U.S. firms in R&D and manufacturing, activities abroad of foreign firms in R&D and manufacturing 
activities in the United States, and by other forms of economic globalization.36   
 
Anti-Trust and Tax Policies 
 
 By influencing what kinds of mergers, acquisitions, and joint ventures are undertaken—and 
ultimately influencing the degree of concentration or fragmentation in whole industries—anti-trust policy 
affects both the motivation and the capacity for technological innovation.37  In concentrated industries, 
there may be a tendency to slow the pace of innovation in order to maximize profits from existing 
products, but also a tendency to invest in longer-term R&D because the gains from this are more 
appropriable than in more fragmented industries.  Anti-trust policy weakens these trends when it 
discourages concentration, strengthens them when it allows it.  Insofar as international cooperation on 
ERD3 is promoted by mergers, acquisitions, and joint ventures taking place across international 
boundaries, the encouragement or discouragement of these by anti-trust policies in the countries involved 
will play a role in how much and what kinds of such activity take place. 
 
 The tax policies of the United States and other countries likewise influence the incentives for 
investment in RD&D by multinational firms.  A recent review of the influences of U.S. tax policy on 
these incentives, sponsored by the U.S. National Research Council, concluded that provisions in the 
corporate tax code relating to deferral of tax on income earned abroad and to the deductability of R&D 
expenditures in the United States against income earned abroad can “exert first-order influence on the 
level, location, and composition of research and development spending” by firms that conduct business in 
several nations.38   The review found, moreover, that while such firms are a minority of U.S. corporations, 
they account for more than three-quarters of corporate R&D spending in this country. 
 
Foreign and Defense Policies 
 
 Besides the restrictions on transfer of or cooperation on militarily sensitive technologies, 
discussed above under the heading of trade policy, foreign and defense policies have influenced 
international ERD3 cooperation in three other principal ways: denial or severe restriction of cooperation 
with countries deemed to be adversaries of the United States; the withholding or promotion of bilateral 

                                                      
36 See, e.g., Mowery and Rosenberg (1989), Federal Trade Commission (FTC 1996), Hamburg Institute (1996), 

Wessner (1997), and NSB (1998). 
37 This argument has been elaborated in the context of the U.S. domestic technology-innovation context in a recent 

article by Hart (1999). 
38 Poterba (1997). 
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cooperation arrangements of various kinds as part of carrot-and-stick diplomacy in support of many 
different U.S. foreign policy goals; and the specific interactions of U.S. nuclear non-proliferation policy 
with the extent and character of the international RD3 cooperation this country undertakes in relation to 
nuclear-energy technology.   These particular policy arenas are rife with tensions and contradictions 
between competing goals: Should the United States constrain clean-energy cooperation with China over 
concerns about human-rights issues?  Are overall U.S. security interests served by withholding nuclear-
energy cooperation from India and Pakistan because of those countries’ nuclear weapons programs?   
There are no easy prescriptions for resolving such questions.  We can only urge that the choices that are 
made about them be made with explicit attention to the full range of U.S. interests at stake, including the 
ways in which non-cooperation on nuclear energy could increase proliferation dangers and the ways in 
which non-cooperation on the energy basis for sustainable development, more generally, could ultimately 
imperil the economic and environmental basis of a stable world. 
 
 
LEVERAGE OF INTERNATIONAL ERD3 COOPERATION  
 
 As the earlier PCAST study of U.S. energy R&D policy discussed at some length, retrospective 
analysis of the contributions, to economic and environmental progress, of particular R&D efforts or of 
investments in innovation as a whole, is fraught with analytic difficulties and uncertainties even if, 
overall, the overwhelming consensus among economists who have studied this matter is that the returns to 
investment in innovation are very large.39  Prospective analysis of what future investments in innovation 
will bring is even more difficult.   In the words of the earlier study 
 

[P]redicting the leverage of energy R&D against the challenges described above 
requires making assumptions not only about what innovations a given R&D program is 
likely to produce but also about the nature and effectiveness of the enabling policies that 
are implemented to accelerate the penetration of worthwhile results into the marketplace.  
Indeed, the impact on the energy system of the innovations that emerge from R&D will 
also be affected by policies besides those explicitly intended to affect this (including, for 
example, tax policies, public-utility-regulatory policies, and so on) and by factors that 
are partly to largely outside the realm of policy to influence at all, such as the rate of 
discovery of inexpensive natural gas resources and the rates of growth of national 
economies. 

 
As the discussion in preceding sections suggests (and as that in the chapters to follow will make even 
clearer), the inherent difficulties of predicting in detail the leverage of investments in innovation are even 
larger when the complications of international cooperation and technology transfer under all of 
complexities of the international economic and political environment are added to the equation. 
 
 The previous PCAST study took a two-pronged approach to trying to clarify the potential 
leverage of innovation despite the uncertainties.  The first was to compare historical rates of 
improvement, for periods of low and high innovation and for various countries, in cost, efficiency, and 
other measures of performance of various energy-supply and energy-end-use technologies and in the 
energy intensity and carbon intensity of aggregate economic activity.40  Reviewing the data of this type 
cited in the 1997 PCAST study as well as the results of the more wide-ranging review of recent trends in 
such indicators in the 1998 IIASA/WEC study41 indicates that  
                                                      
39 PCAST (1997, Chapter 1). 
40 IEA (1997). 
41 1DNLüHQRYLü�et al. (1998). 
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• measures of performance of  new equipment of particular types (e.g., automobiles, refrigerators, 

fossil-fueled power plants) often improved at rates from 2 to 5 percent per year during high-
innovation periods of one to three decades’ duration over the past half century or so; 

 
• the average performance of all deployed equipment of particular types often improved at rates in 

the range of 1 to 3 percent per year for similar periods; 
 
• the average energy intensity of all economic activity (energy divided by GNP) has tended to fall 

at rates of 0.5 to 1 percent per year at places and times when energy prices and policies were not 
particularly conducive to innovation and at 1.5 to 3 percent per year at places and times when 
conditions for innovation were more auspicious (except for China, where this rate of 
improvement in recent decades appears to have been in the range of 5 percent per year); 

 
• the average carbon intensity of primary energy supply (carbon emissions divided by total energy 

supply), which has been falling worldwide at an average rate of about 0.3 percent per year for the 
past century, has fallen at about twice that rate since 1980 and, in the most impressive instance of 
reduction in this index, fell in France between 1976 and 1991 at more than 2.5 percent per year.42 

 
The second approach used in the earlier PCAST study to illuminate the potential leverage of innovation 
was to compare the results of recent scenario-based studies of projected rates of improvement in the 
energy intensity of economic activity and the carbon intensity of energy supply.43    Those results, 
together with those in the more recent WEC/IIASA study and in the Battelle scenario paper 
commissioned by this panel,44 suggest that  
 

• in high-innovation scenarios for the United States, rates of decline in energy intensity could 
average 1.5 to 2 percent per year and rates of decline in carbon intensity 0.5 to 0.8 percent per 
year even in the decade 2000-2010, with higher rates of decline achievable later; 

 
• in high-innovation scenarios for the world as a whole, rates of decline in energy intensity could 

average 1.2 to 1.5 percent or more per year and rates of decline in carbon intensity 0.4 to 0.6 
percent or more per year in the period 2000-2020, with rates of decline in energy intensity 
exceeding 2.5 percent per year and rates of decline in carbon intensity exceeding 1.5 percent per 
year achievable in the period 2020-2050. 

 
 No scenario-construction exercise, each of which is based on a particular energy-economic model 
embodying a large numbers of assumptions, can ever be definitive.  But the general consistency of results 
across a rather wide range of such exercises conducted by different groups using different models, 
coupled with the consistency of all of these with the range of historically observed performance in periods 
of high and low innovation incentives, gives some confidence that the results summarized here for high-
innovation cases are not likely to be greatly in error as estimates of what might be achievable if both the 
incentives and capacities for a high degree of energy-technology innovation can be put in place 
                                                      
42 The French reduction in carbon intensity in this period was achieved primarily by rapid expansion of nuclear 

energy’s contribution to electricity supply. 
43 The main studies cited there were, for the United States, the Department of Energy’s  “five-lab” study (DOE 

1997) covering 1997 to 2010 and the contemporaneous “five-NGO” study (ASE 1997) covering the same period 
with a second phase extending to 2030 and, for the world, studies covering the period 1990-2100 published by the 
World Energy Council (WEC 1995) and the Intergovernmental Panel on Climate Change (IPCC 1996). 

44 Edmonds et al. (1999). 
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worldwide and maintained over the next several decades.  And the implications of achieving this are quite 
striking, as already indicated above in Box 1.1 and in the subsequent discussions of how U.S. economic, 
environmental, and security interests could be influenced by the differences between high-innovation and 
low-innovation energy futures.    
 
 Consider just the global figures: if energy intensity of economic activity worldwide can be 
reduced at an average rate of just 1.4 percent per year from 2000 to 2050 (which is well within the range 
of figures just described), the energy needed to generate a dollar of GNP will fall by half in that period.  If 
the combination of reductions in energy intensity of economic activity and carbon intensity of energy 
supply were to amount to a 2.8 percent per year decline in the ratio of carbon to economic activity (which 
would be pushing harder but is still within the range of possibilities described above), the amount of 
carbon emitted per dollar in 2050 would be only one fourth of what it was in 2000, and total carbon 
emissions in 2050 would very probably be lower than they are today.  More detailed analyses show that 
world energy-system performance in this range (and continuing after 2050) would be compatible with 
stabilizing the atmospheric concentration of carbon dioxide at 450 ppmv under middle-range forecasts of 
world economic growth and at 550 ppmv (twice pre-industrial levels) under the highest economic growth 
rates that most analysts would consider plausible.45 
 
 The high-innovation, high-cooperation futures, then—with their lower energy requirements per 
dollar of GNP, lower carbon emissions per unit of energy supplied, better U.S. access to foreign energy-
technology markets as well as to foreign innovation capabilities, and faster and more sustainable 
economic growth in developing countries—are likely to be: 
 

• better in terms of oil-import dependence and oil-price-shock vulnerability; 
 
• better in terms of energy costs to U.S. firms and consumers; 
 
• better in terms of U.S. sales of energy and non-energy technologies and products abroad; 
 
• better in terms of the environmental conditions experienced by Americans and others around the 

world (and not just because of lower rates of climate change associated with lower carbon 
emissions, but also because environmental impacts of many other kinds will be reduced as a 
result of reductions in energy intensity and the energy-supply-technology changes undertaken to 
reduce carbon intensity);  and 

 
• better in terms of the political stability and sense of satisfaction that will result from U.S. 

cooperation in building a better quality of life for the least fortunate people on the planet as well 
as for the most fortunate. 

 
 The questions that remain are whether the existing global efforts in energy-technology innovation 
and in cooperative approaches to diffusing it are likely to be adequate to bring this future within reach 
and, if not, what most needs to be done to strengthen these efforts in order to make them adequate.  It is to 
those questions that we turn in the chapters that follow. 

                                                      
45 See Hoffert et al. (1998), IPCC (1996). 
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CHAPTER 2 
THE INTERNATIONAL LANDSCAPE OF ERD3 

 
A man’s feet should be planted in his country, but his eyes should survey the world. 

 
         George Santayana1 
 
 
 

n examining U.S. participation in international energy research, development, demonstration, and 
deployment (ERD3) cooperation, it is useful to have an understanding not only of the activities of this 
type now being undertaken by the U.S. government and this country’s private sector, but also of those 

being carried out by other countries and organizations.  This chapter provides an overview of such 
activities, drawing a map of the international ERD3 landscape as it currently stands and describing the 
socioeconomic forces—growing energy demand, globalization of energy industries and of the processes 
of innovation, and so on—that are shaping its evolution. 
 
 The remainder of this chapter consists of six main sections.  The first discusses the challenges of 
describing ERD3 activities, noting the advantages and limitations of various approaches, and the second 
identifies some of the major national and international trends influencing the ERD3 landscape.  With this 
background, the report then describes the major players in international collaborative ERD3 efforts, within 
the United States and elsewhere, according to whether they are part of the private sector, the public sector, 
or—like the World Bank and the United Nations—fit into neither of these categories. 
 
 
DESCRIBING ERD3 ACTIVITIES 
 
 Given the difficulty of describing every ERD3-relevant activity and institution, we present here a 
selection of information chosen to provide context for the assessments and recommendations contained in 
the rest of the report.  In considering this information, it is important to be aware of its limitations, 
specifically: 
 

• There is no simple way to measure the effectiveness of ERD3 efforts.  Although there are a number 
of proxy metrics of effectiveness—e.g., the size of ERD3 expenditures, the number of patents 
resulting from particular research programs, and so on—such measurements are almost always 
open to different interpretations.  For example, declining ERD3 expenditures may not necessarily 
mean less effective programs if unnecessary costs or unproductive programs are being eliminated 
and the efficiency of the remaining outlays is improved. 

 
• Analysis of ERD3 efforts is often limited by a lack of reliable data.  For example, information 

about private-sector activities may be proprietary or simply not collected, and comparisons 
between countries can be distorted by the difficulties encountered in attempting to correct for 
exchange-rate fluctuations and purchasing-power disparities. 

                                                 
1 George Santayana (1954) 
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• It is difficult to separate ERD3 from RD3.  Technologies not explicitly developed for the energy 

sector may nonetheless have a significant influence on the energy future.  For example, the 
efficient turbines used in many new power stations were derived from aircraft engines, and the 
application of information technology has revolutionized many parts of the electricity supply 
chain.  Thus, although it is vital to ensure the sufficiency of ERD3 efforts, spillovers from RD3 
being carried out in other areas are also important. 

 
• Non-energy policies affect ERD3.  Just as energy technologies are not the only technologies that 

affect the energy sector, energy policies are not the only policies that influence energy RD3.  
Decisions about—among other things—trade, taxation, and the environment can all have 
important indirect effects on the research, development, and deployment of energy technologies 
(see Chapter 1). 

 
 
AN EVOLVING LANDSCAPE 
 
 The context in which ERD3 activities are carried out is constantly changing under the influence of 
a variety of economic, political, and social forces that produce new challenges and opportunities.  Among 
the most important forces shaping international ERD3 efforts have been the following:2 

 
Growing demand for energy services 
 
 As discussed in Chapter 1, world energy consumption is expected to increase substantially over 
the next 20 years, with most of the new demand arising in developing countries, in particular China and 
India.  This dramatic growth, coupled with an increased openness to foreign investments, will result in 
large new markets for energy technologies.  For example, an annual investment of more than $100 billion 
is projected for new or modified electricity generation capacity in developing countries over the next 10 
years, while the market for energy-efficiency technologies in those countries, estimated at $9.5 billion in 
1996, is projected to grow to between $30 billion and $67 billion by 2015.3  Such markets clearly present 
potential opportunities not only for U.S. firms, but for suppliers from other countries.  Purchasers of 
energy technologies would like to be able to use the competition between rival suppliers to ensure that 
their needs for technology transfer, local capacity building, and products specifically tailored to regional 
markets are met, and some of the larger countries may have leverage to do so.  At the same time, the long 
lifetime of much energy-related capital stock and the “lock-in” that often occurs once technology 
standards are set mean that current choices will shape the technological trajectories and options available 
over the coming decades.  Participation in international ERD3 collaboration now may therefore result in 
important opportunities in the future. 
 
Energy prices 
 
 As noted in PCAST 97, low energy prices diminish the incentives both for the development and 
commercialization of new energy technologies and for making improvements in energy efficiency.4  A 
recent report by the Council on Competitiveness found, among other things, that low U.S. gasoline prices 
(see Figure 2.1) mean that “[domestic] customer demand for innovation for fuel-efficient or alternative-

                                                 
2  See, for  example, CoC (1998), de Sa (1999), and NSB (1998). 
3  USAID (1997).  Note that the total market for end-use equipment is much larger than that for efficient equipment. 
4  PCAST (1997). 
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fuel vehicles is not particularly strong”.5  This in turn creates an “innovation dilemma” for U.S. 
manufacturers, in which a weakened ERD3 base at home may harm their ability to meet “the market pull 
for advanced technology and alternative design vehicles” that comes mostly from overseas and may 
reduce the U.S. capacity for international collaboration.  This weakened base similarly leads to domestic 
private-sector investments in ERD3 that, in many cases, fall short of the public interest in such 
investments (see Chapter 1).  Thus, government involvement in domestic and international ERD3 may 
need to increase in times of low or falling energy prices. 
 

It is also important to note that energy prices do not, in most cases, reflect indirect costs (in 
particular environmental and health costs), and that the recent, historically low prices of primary energy 
may not continue in the future.  As discussed in Chapter 1, current investments in ERD3, and the 
institutional relationships forged through international collaboration, may serve as a hedge against 
unforeseen price increases, providing additional options for the future that would not otherwise be 
available. 

 

 
 

Figure 2.1: Base Price and Tax on Regular Unleaded Gasoline, 1997. Source: IEA (1998). 
  
 
Awareness of environmental impacts 
 
 Growing recognition of the environmental impacts of energy use is motivating many nations to 
establish incentives and regulations that are likely to affect ERD3 efforts.  For example, in Germany and 
Britain utilities are required by law to produce some of their electricity using renewable sources, while a 
carbon tax in Norway has motivated Statoil to invest in developing products, processes, and technologies 
that reduce greenhouse-gas emissions during oil production.  Furthermore, with fossil-fuel use expected 
to grow dramatically in developing countries in the coming years, the prospect of local and regional air 

                                                 
5  CoC (1998). 
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pollution, as well as the threat of global-climate change, should motivate international ERD3 collaboration 
to help reconcile the goals of economic growth and environmental protection.6  The developed world has 
a unique opportunity to help developing countries pursue efficient production processes, burn fossil fuels 
more efficiently, and use renewable energy sources, so that economic growth can occur with lower energy 
intensity and less pollution than in the past.  (These efforts serve the interests of the United States as well, 
as detailed in Chapter 1.) 
 
Globalization 
 
 An important development in the private sector has been the recent appearance of global energy 
firms.  One detailed study summarized this phenomenon as follows:7 
 

Until recently, outside of the world’s few major integrated oil companies, only a handful 
of energy companies were considered multinational. Currently, in addition to the scores 
of petroleum companies that can now be classified as multinational, the scope of many 
coal companies, petroleum pipeline companies, electric utilities, and power generation 
equipment and construction companies, has become increasingly global. Through 
consolidations, mergers, acquisitions, and strategic alliances, the world’s energy 
companies have also become more integrated. Oil and gas companies have become 
electricity companies; domestic regional electric utilities have become multinational 
electricity companies; electricity distribution companies have become generation 
companies; and generation companies have become distribution and transmission 
companies. 

 
 Increasing globalization is having a number of impacts on ERD3 activities.  For example, the 
dramatic increase in foreign direct investment, which, for most developing nations, now far exceeds 
foreign aid receipts, is forcing governments to rethink the relationship between aid programs—including 
those in the energy sector—and private investment flows (Figure 2.2).  In addition, the growing capacity 
for RD3 in countries such as South Korea and India, as well as the increasingly global nature of 
competitive pressures (leading to faster diffusion and turnover of energy technologies) means that 
countries should not only ensure the vitality of their domestic ERD3 base in order to remain competitive, 
but that international collaboration is increasingly valuable, offering access to foreign innovations and 
markets. 
 
Restructuring of energy markets 
 
 Energy sector restructuring and reform has resulted in widespread privatization of formerly 
government held petroleum, electricity, and coal operations.8  Along with the trend towards globalization 
and the opening of borders to private capital flows noted above, this has meant that almost all industries 
in the energy sector—dealing with resource production, equipment manufacture, power generation, 
transmission, and distribution, and so on—are increasingly competing in open, international markets.  
This has increased international technology flows and the growth of niche firms that have been able to 
take rapid advantage of new market opportunities.  Chapter 3 contains a more extensive discussion of the 
impacts of—and opportunities deriving from—energy-sector restructuring. 
                                                 
6  See, for instance, a recent World Bank report (“Clear Water, Blue Skies”), which estimates that the total cost of 

air and water pollution in China (a large percentage of which is energy related) is in the vicinity of 8 percent of 
GDP, or over $50 billion annually. (World Bank, 1997). 

7   EIA (1996, p. 4) 
8  EIA (1996). 
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Changing patterns of R&D 
 
 In many industrial countries, governments are under ideological or budgetary pressure to reduce 
their outlays.  This reduction is reflected, for example, in declining total public-sector R&D expenditures 
over the last decade, decreasing levels of foreign aid, and increased reliance on incentives to encourage 
the private sector to fulfill public-policy goals formerly addressed by government programs.  In many 
OECD countries, the priority given to energy-related public sector R&D has slipped in comparison with 
other areas, such as medical research, so that the percentage of total public sector R&D devoted to energy 
has decreased.  The continuation of these trends may make international ERD3 cooperation more urgent, 
as an efficient way to use, and leverage, limited national resources. 9 
 

 
Figure 2.2: Power-sector Finance for Developing Countries, 1985-1994. Source: USAID (1997). 

 
 
Increased competitive pressures have reduced private-sector spending on energy research and 

development in most industrialized countries (as shown for the United States in Figure 2.3), as firms 
come under pressure to become more responsive to short-term, market-driven pressures.10  The 
expenditures that remain are generally being moved away from long-term research activities towards 
efforts that are less risky and more likely to yield immediate shareholder value.  Even as this shift occurs, 
however, price-based competition is becoming the norm in many sectors, such as electricity generation 
and oil production, making the effective deployment of new energy technologies a potentially important 
source of competitive advantage that can be harnessed by successful firms. 
 
 The following sections illustrate how these trends are reflected in the activities of some of the 
most significant participants in ERD3 activities. 

                                                 
9  Dooley and Runci (1999) 
10 Ibid. 
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Figure 2.3: U.S. National Expenditures on Energy R&D, 1974-1996. Source: Dooley (1997). 

 
 
THE PRIVATE SECTOR 
 

Private-sector firms are active at all stages of the ERD3 process, often in collaboration with other 
firms (both domestic and foreign), with government labs, or with universities.  The ERD3-related 
activities of some of the main players in the energy sector are described below. 
 
Electric Utilities 
 
 Electric-utility restructuring—defined as the privatization of state-owned utilities and the 
substitution of regulated regional monopolies by regulated competitive markets—is occurring in many 
nations worldwide.11  In industrialized countries, the consequences of restructuring include cost-based 
competition, which should provide an incentive for utilities to deploy efficient generation technologies.  
At the same time, restructuring is causing them to cut back on their R&D activities and shift away from 
long-term projects.  For example: 
 

• In the United States, the 112 largest investor-owned utilities, which perform over 93 percent of all 
non-Federal utility R&D, reduced their R&D expenditures from $778 million in 1993 to $486 
million in 1996.12 

 
• Utilities in Italy and the Netherlands no longer sponsor large-scale demonstration programs and 

have terminated projects to deploy technologies such as grid-connected photovoltaics, which are 
not currently economic. 

 

                                                 
11 Morgan and Tierney (1998). 
12 GAO (1996). 
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• Sweden’s Vattenfall, the sixth largest utility in Europe, which in the 1980s invested 70-80 percent 
of its corporate R&D in long-term efforts, now spends 80 percent on near-term R&D at the 
business-unit level instead.13 

 
On the other hand, global restructuring has given utilities a strong incentive to make international 
investments, forming joint ventures and partnerships to gain access to overseas markets.  This has been 
facilitated by the onset of privatization in developing countries, driven by the recognition that the 
investment required to meet future demand is beyond the means of their domestic capital markets. As a 
result, foreign firms—including a number of U.S. utilities—have become involved in the construction of 
new generation capacity and transmission lines overseas, which may lead to the more rapid diffusion and 
deployment of energy technologies.14 
 
Electric-Equipment Manufacturers 
 
 The manufacture of power-generation equipment is dominated by a few large, international 
companies (such as ABB, GE, and Siemens), that compete in a world market that has recently been 
characterized by oversupply and rapidly declining prices.  With most new demand coming from recently 
deregulated markets in developing countries and increased emphasis on the cost of electricity generation 
as the criterion for equipment choice, firms are finding that they need to be as skilled at deal making and 
project financing as at technology development in order to prosper. 
 
 In response to the globalization of their markets, most large equipment makers are forming 
international collaborations in engineering, manufacturing, and sales, and are recognizing the need to 
establish technology bases in new markets, often with local management.15  There is also a growing 
interest in distributed generation, in which small, modular electricity generators are located near 
consumers.  These generators can be free-standing or grid connected, may be based on new technologies 
such as fuel cells, microturbines, or renewables, and are suitable for both residential and industrial 
applications.  ERD3 on distributed generation is being carried out by the large electrical-equipment firms, 
either alone (e.g., Siemens) or in partnership (e.g., ABB-Volvo and GE-Elliott), as well as by companies 
not traditionally involved in this sector, such as Allied Signal. 
 
Natural Gas Companies 
 
 Like the electricity industry, the gas sector is moving away from integrated monopolies toward 
separate, competitive markets for production, distribution, and supply.  These markets are often 
characterized by increased regional trade, more international joint ventures, diversification by companies 
into electricity generation and other businesses, and a growth of niche companies.  Gas firms are making 
substantial, though decreasing, commitments to natural-gas R&D—for example, in the United States, the 
industry will spend roughly $114 million in 1999 through the Gas Research Institute (GRI) down from 
over $200 million in 1990.16  Nonetheless, there are some innovative gas-based technologies that may be 
nearing the market, ranging from microturbines for the distributed generation described above, to high-
efficiency power-generation systems, which couple high-temperature fuel cells with a gas turbine for 
electricity generation. 

                                                 
13 Dooley and Runci (1999). 
14 For example, a recent estimate suggests that nearly 40 U.S. electricity companies have investments in 30 foreign 

countries, including Europe, Australia, South America, India, China, and the Pacific Rim (IERE 1997). 
15 IERE (1997). 
16 GRI (1998). 
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Oil Companies 
 
 The large oil companies have traditionally been among the most global of firms, producing, 
refining, and distributing their products throughout much of the world.  Recently, slow demand growth 
and abundant supplies have kept oil prices low, providing little incentive to halt the decline in 
expenditures for technology development that occurred throughout the 1990s.   (For example, between 
1990 and 1996, the R&D expenditures of the four largest U.S. oil firms halved in real terms to a total of 
just over $1 billion in 1996.)17  Furthermore, the expectation of continued low prices has led some to 
predict that fundamental changes are imminent in the oil sector, with large multinational firms either 
evolving into “energy companies,”18 merging into “supermajors” with revenues of $50 billion and up,19 or 
being upstaged by service companies, like Halliburton and Schlumberger, that can form partnerships to 
supply technology, information, and financing on a country-by-country basis.20  Firms would like to 
deploy new technologies to gain competitive advantage, particularly to increase the profitability of their 
exploration and production efforts, within the constraints of their tight profit margins. 
 
Renewable Energy and Energy Efficiency Companies 
 
 Recently, the renewable energy and energy-efficiency industries have grown worldwide.  For 
example, the market for wind technology has increased at an average annual rate of 25 percent since 
1990, currently standing at over $2 billion per year.21  In Washington alone, the state’s 274 renewable 
energy and energy efficiency firms now employ approximately 4,000 people and earn almost $1 billion in 
annual revenue.22 Elsewhere, the Royal Dutch/Shell group is planning to invest $500 million in renewable 
energy technologies.  For international ERD3 activities, two notable developments are: 
 

• The use of microenterprise:  Recently, programs that provide financial services, training, and 
capital have been set up in developing countries to encourage microenterprise-based 
commercialization of renewable energy and energy-efficiency technologies.  For example, the 
Solar Development Corporation—a joint venture of the World Bank and several foundations—is 
raising $50 million in capital to assist microenterprises that distribute, finance, and sell off-grid 
photovoltaics in developing countries, while the Inter-American Development Bank’s 
Microenterprise Unit is working in Latin America and the Caribbean to set up companies such as 
Soluz Dominicana, which, in its first year of operation, installed 1,000 solar home systems in the 
Dominican Republic. 

 
• The proliferation of energy service companies (ESCOs):  ESCOs, which already operate in many 

industrialized countries, improve the energy efficiency of their customers’ operations by 
providing hardware, installation, third party financing, and performance guarantees.  USAID in 
1998 launched a program to nurture the creation of ESCOs in developing countries, and U.S. 
owned and operated ESCOs have enjoyed increasing success in penetrating markets in the Czech 

                                                 
17 PCAST (1997). 
18 Stanislaw (1999). 
19 McWilliams (1997). 
20 Bijur (1998). 
21 Siegel and Rackstraw (1999). 
22 WEPG (1999). 
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Republic, Brazil, Chile, Korea, and Thailand.23   The International Finance Corporation, the 
World Bank, and the European Union are working to form ESCOs in China, India, and Eastern 
Europe, an effort that—if successful—could help to diffuse innovative technologies and practices 
to these countries. 

 
Consortia 
 
 A number of international, predominantly private-sector consortia exist, providing a way for 
firms to voluntarily share resources in pursuit of common, usually pre-competitive, interests, including 
some collaborative international ERD3 programs.  Examples in the United States include the Electric 
Power Research Institute (a California-based research consortium of electric utilities, with an annual 
budget of over $500 million and more than 700 U.S. members, and growing international participation), 
as well as numerous industry and trade associations, such as the U.S. Energy Association, the American 
Wind Energy Association, and the Export Council for Energy Efficiency. 
 
 
THE PUBLIC SECTOR 
 
 Although the private sector has become increasingly important in the ERD3 arena over the last 
few years, governmental expenditures, legislation, and regulation remain major forces shaping national 
and international capabilities for utilizing energy technologies and partnering in collaborations. (See 
Chapter 1.)   Governments of all countries play an important role in energy-related activities.  We 
describe a few of those efforts below, including those in the United States, Japan, Germany, the European 
Union, Brazil, China, India, and the Russian Federation. 
 
The United States 
 
 As shown in Table 2.1 and Figure 2.4, several Federal agencies support different areas of the 
United States’ international ERD3 efforts.  Data collected for the Panel by RAND found that in FY 1997, 
the United States government spent about $235 million in support of about 320 projects that could be 
counted as formal international collaborations on ERD3 activities, just 0.3 percent of the total public-
sector support for all research and development that year ($73.9 billion).24  It must be noted that many of 
the programs identified in this review have already been substantially modified, often reduced.  An 
example is the International Thermonuclear Experimental Reactor, accounting for most of the 
international fusion budget, which was canceled in FY99.  Further, of the projects examined, most of the 
funding goes to U.S. researchers for their contributions to collaborative work and in many cases the work 
would be done by the United States even if there was no collaboration, but the collaboration provides a 
means to leverage the U.S. R&D investments with work by foreign counterparts. 
 
 The majority of collaborative projects are supported through the Department of Energy or the 
U.S. Agency for International Development (Figure 2.4); are either multinational or carried out in 

                                                 
23 Witcher (1999). 
24 To arrive at the figures for Federal spending cited in this section, RAND identified project-level funding in which 

a U.S. government-funded researcher or technical team cooperated with a foreign researcher, a foreign research 
institution, or a multinational research project in activities involving the RD3 of energy supply, conversion, or 
efficiency technologies.  Excluded from the search were projects supported by the Department of Defense, loans 
and loan guarantees, and activities classified as basic energy sciences, nuclear-waste containment, nuclear-
materials tracking, or global-climate-change monitoring.  FY 1997 data for the U.S. Agency for International 
Development were unavailable, so estimates were based on FY 1998 levels. 
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partnership with East European countries (Figure 2.5); and involve work addressing either electricity 
production, distribution, and use (including efficiency, nuclear fission, nuclear fusion), or multiple 
energy-supply sources (Figure 2.6).   

 
The U.S. government has three, complementary approaches to international ERD3 efforts, 

namely: energy-technology development, largely undertaken by the Department of Energy, foreign 
assistance, for which the U.S. Agency for International Development is mostly responsible; and trade 
support in energy goods and services, falling under the mandate of the Department of Commerce, Export-
Import Bank, the Trade and Development Agency, and the Overseas Private Investment Corporation.  
The activities of these agencies are described in more detail below. 

 
Department of Energy (DOE) 

 
 DOE has responsibility for implementing and supporting the United States’ energy-related 
efforts, including Goal V of the National Energy Strategy, to “cooperate internationally in global issues”, 
by promoting “clean and efficient energy systems and science and technology collaboration”.25  The 
DOE’s ERD3 programs include R&D, technology demonstrations, information exchange, training, and 
policy support.  Through roughly 160 active international agreements, DOE collaborations help leverage 
resources, spread the costs and risks associated with long-term research, and provide access to specialized 
expertise overseas.  Much of the DOE’s international ERD3 effort is carried out through the National 
Laboratories, thirteen of which reported collaborative work with foreign researchers and institutions, with 
most expenditures on international-related activities going toward U.S. research and U.S.-produced 
equipment. 
 

 
Figure 2.4: US Collaborative ERD3 Projects by Agency Expenditure, FY 1997. 

Total is approximately $235 million. Source: RAND 
 

                                                 
25 DOE (1998). 
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Figure 2.5: US Collaborative ERD3 Projects by Partner, FY 1997. Source: RAND 
 

 
Figure 2.6: US Collaborative ERD3 Projects by Area, FY1997. Source RAND. 

 
 
 

By area, the DOE’s activities include: 
 
• Efficiency:  DOE’s international programs that explicitly promote energy-efficiency are small but 

highly leveraged—for example, the Office of Buildings Technologies spent $100,000 to develop 
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a plan for improving the energy efficiency of Russian housing, which led first to a $1 million 
grant from the Trade Development Agency and then to a $300 million World Bank loan to 
Russia.  The Office of Industrial Technologies has assisted China with the preparation of an 
energy conservation law that took effect in 1998 and a motor systems efficiency program that is 
now underway.  Since 1994, DOE has managed the Committee on Energy Efficiency Commerce 
and Trade (COEECT), a working group of 14 agencies that assists U.S. companies, especially 
small firms, access international energy-efficiency markets.  

 
• Fossil:  DOE’s international fossil energy programs have supported the development of oil 

resources, the use of clean coal technologies, and the promotion of natural gas.  Sample projects 
include advanced gas turbines and fuel cells (in Argentina, Canada, Guatemala, Mexico, Peru, 
and the Philippines), cogeneration (in India and Mexico), biomass power (in India and Mexico), 
and establishment of the Oil and Gas Environmental Forums in Latin America and China (Box 
2.1).  With USAID, DOE has implemented six coal projects in India, ranging from coal cleaning 
to emissions monitoring.  Research activities have ranged from characterization of heavy crude 
oil in Venezuela to deep water CO2 disposal with Japan and Norway. 
 

• Nuclear Fission:  The DOE’s Nuclear Energy Office completed its program of international 
cooperation on conventional nuclear reactor development in 1997.  Collaborations on breeder-
reactor technology and reprocessing (with Japan), liquid-metal reactors (with Korea), high-
temperature gas reactors (with Japan, Germany, and Switzerland), and others have been canceled 
due to changes in U.S. policy.  The main focus of current international fission-energy program 
funding is to ensure reactor safety in Eastern Europe and the Former Soviet Union, where several 
countries generate significant amounts of electricity using nuclear power.  Activities include 
helping countries evaluate the safety characteristics of their reactors, installation of safety 
equipment, improving training and procedures, and enhancing spent fuel storage.  Reactor safety 
is DOE’s largest international energy program. 

 
• Nuclear Fusion:  The DOE’s nuclear fusion program has had a history of international 

cooperation, dating back to the 1960s, but most recently has been centered around the 
International Thermonuclear Experimental Reactor (ITER).  Proposed by the USSR in 1985, 
ITER was subsequently developed as a collaboration among Europe, Japan, Russia, and the 
United States through conceptual design (1988-1990) and engineering design (1992-1998).  
Congress directed DOE to end U.S. participation in ITER in FY 1999, and future U.S. options are 
currently being explored.26 

 
• Renewable Energy:  Although 80 percent or more of the market for such renewable energy 

technologies as photovoltaics and wind energy is outside the United States, DOE’s international 
activities in this area have been very modest, concentrating on technology development such as 
small-scale wind-diesel hybrids, renewable resource assessment, the development of international 
standards, trade support, rural electrification, and technical assistance.27  DOE projects are highly 
leveraged through cooperation with other Federal agencies, industry, and the Multilateral 
Development Banks (MDBs).  For example, targeted DOE international programs worth about 
$18 million between FY 1993 and FY 1998 have helped an estimated $1.9 billion worth of 
renewable projects into the funding pipeline of MDBs.  This has particular benefits for U.S. firms 
as MDB loan programs do not allow the tied aid commonly used by foreign competitors (Chapter 
3), helping level the playing field and giving U.S. firms a competitive chance. 

                                                 
26 Dean (1999), Taylor (1999). 
27 Siegel and Rackstraw (1999). 
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DOE’s international energy RD3 activities offer substantial U.S. benefits, most recently with a 
Memorandum of Understanding signed with China for a $100 million clean energy program. 
 
 Environmental Protection Agency (EPA) 
 
 Although EPA sponsored only a few international ERD3-related projects in FY 1997, with 
expenditures totaling just $1.7 million, EPA has initiated a number of successful programs around the 
world, often in collaboration with other Federal agencies.  The early involvement of EPA has also been of 
use in initiating new international ERD3 programs that later leverage additional funding from other 
sources and participation by other organizations.  For instance, EPA helped establish Energy Efficiency 
Centers in Poland, the Czech Republic, Russia, the Ukraine, Bulgaria, and China; these centers have 
subsequently attracted funding from DOE, USAID, MDBs, and other donors, and have been instrumental 
in influencing energy and environment policies favorable to clean energy technologies, preparation and 
financing of major projects, and market-transformation activities.  Similarly, EPA funded early work in 
Thailand to promote Demand Side Management programs, which has since led to major financing by a 
number of other donors, and substantial policy and program changes by the Government of Thailand and 
the Thai Electric Utility Company which have resulted in a substantial fraction of Thailand’s electrical 
energy service requirements being met by demand reductions. 
 

In addition, EPA has focused on encouraging the adoption of energy-efficient building 
technologies, on helping to institute energy-related codes, standards and labeling, and on greenhouse-gas 
mitigation analysis.  China and Russia are the EPA’s principal bilateral partners, with successful projects 
including the transfer of energy-efficient refrigerator technology to China, and the improvement of 
energy-supply planning in Moscow.  In addition—supporting the idea that the United States should lead 
by example—China recently invested $65 million on promoting the adoption of high-quality, energy-
efficient, compact-fluorescent lighting through an effort that, in many ways (including the name), is 
modeled on EPA’s domestic “Green Lights” program. 
 
 U.S. Agency for International Development (USAID) 
 
 USAID is in charge of foreign assistance-programs, funded in part due to the recognition that 
developing countries are critical to U.S. interests.  The total USAID agency budget across all sectors is 
about 0.5 percent of the Federal budget, and supports programs in more than 80 nations (excluding 
Communist countries such as China, North Korea, and Cuba), with in-country missions determining and 
managing their own specific portfolios of activities. 
 
 Although historically focused on the public sector, USAID is increasingly engaged with private 
enterprise—for example, USAID’s global energy strategy aims to foster market reforms in the energy-
sector and to stimulate international and domestic private investments, as well as to promote renewables, 
clean energy technologies, and energy efficiency.28  These goals are targeted through a number of 
technology partnership programs, such as those between utilities in the United States and those in 
developing and transition countries, and “Technology Cooperation Agreements,” which serve as channels 
for public- and private-sector resources to assist the transfer of technologies that reduce greenhouse-gas 
emissions (Box 2.1). 
 
 In FY 1998, USAID spent roughly $94 million on 44 energy-related programs, focused largely on 
improving policies and providing the training needed to create open markets for technology 

                                                 
28 USAID (1998). 
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commercialization.  For example, the “Asia Sustainable Energy Initiative,” which operates in India, 
Indonesia, and the Philippines, funded the placement of sustainable-energy advisors in each of these 
countries, the development of renewable and efficiency projects, and exchange programs for senior policy 
makers and technical experts.  With funding from the USAID, the U.S. Energy Association (USEA) has 
established an Energy Partnership Program (EPP) that establishes practitioner-to-practitioner, multi-year 
partnerships between U.S. and developing-country utilities and regulatory agencies (Box 2.1).  In 1998, 
USAID launched a program to nurture the creation of Energy Service Companies (ESCOs) in developing 
countries.  USAID also leads the Energy and Environment Training Program, training nearly 10,000 
people from 94 countries over the past decade (Chapter 3).  Finally, USAID has established strong field 
programs through Renewable Energy Project Support Offices and a number of USAID country missions 
(Box 2.2). 

  
 

Box 2.1  Fostering the International Dialogue on Energy 
 

One efficient and effective means of transferring information and experience is through simple “face to 
face” exchange, either through a series of workshops and conferences or actual personnel exchange between 
countries and firms.  Examples of two such programs—one launched by DOE, and the other sponsored by USAID—
are highlighted below. 
 
DOE’s Western Hemisphere Oil and Gas Environmental Forum 
 

The Western Hemisphere Oil and Gas Environmental Forum is a cooperative effort between the private and 
state-owned oil and gas companies in the United States and Latin America.  The Forum’s mission is to foster 
industry cooperation to improve the health, safety, and environmental performance of oil and gas activities 
throughout the hemisphere.  The Forum encourages both direct information exchange and contacts among members 
of participating companies, and dialogue with the environmental community and government.  It has done so 
through a series of 11 official meetings, at which issues such as upstream environmental impact assessments, 
management systems, and performance indicators have been on the agenda.  From the beginning, member 
companies pledged to provide future support for the Forum.  Originally supported by DOE, the Forum became self-
supporting in 1996. 
 
USAID and USEA:  Energy Partnership Program 
 

The United States Energy Association (USEA) is the U.S. Member Committee of the World Energy 
Council (WEC) and, as such, coordinated participation of the United States in WEC.  USEA also manages 
agreements funded by USAID that provide opportunities to transfer U.S. energy expertise to developing nations and 
expose U.S. companies to emerging markets. 

 
Since 1990, the USEA has managed an “Energy Partnership Program” on behalf of USAID.  The Program 

matches U.S. utilities and regulatory agencies with overseas counterparts in over 21 countries based on compatibility 
of needs and capabilities, similarity of energy systems, and potential common business interests.  Once selected, the 
participating organizations execute partnership agreements that extend for a two-year period, and result in the 
exchange of senior executives of the partner organizations to exchange information on market-based energy 
production, transmission, distribution, regulation, and climate-change mitigation.  The benefits to foreign partners 
include the dissemination of information on “best technologies and practices”; the improvement of management and 
financial performances; and an increase in energy efficiency.  At the same time, the partnerships allow U.S. 
participants to identify and develop strategic partnerships, identify both short- and long-term business opportunities, 
and develop their own staff capabilities. 

 
 Source: DOE www.fe.doe.gov/international;  USDOE (1998); USEA (1998). 



CHAPTER 2:  The International Landscape of ERD3  

2-15 

Department of Commerce 
 

The U.S. & Foreign Commercial Service (US&FCS) of the Department of Commerce’s 
International Trade Administration counsels U.S. businesses on exporting through offices based in the 
United States and overseas.  Local offices provide market information, export counseling, export 
assistance, and other services to U.S. energy-supply and energy-efficiency technology exporters, and 
facilitate overseas contacts through international offices.  The program is designed to increase both the 
number of firms exporting technologies and the number of markets to which they export.  It also promotes 
and facilitates the participation of U.S. firms in trade shows, and encourages additional support and 
facilitation for such activities by other private- and public-sector organizations.  The FY 2000 budget 
request for the US&FCS amounts to $183 million, covering all U.S. trade activities, which is level 
funding as compared to FY 1999.29 

 
Trade Assistance Agencies 

 
 In addition to technology development and foreign aid, the Federal government operates three 
agencies that support trade, including exports of U.S. energy-related goods and services.  Although these 
agencies generally promote established technologies, rather than supporting ERD3, their role in 
establishing links with fast-growing overseas markets is clearly important in setting the stage for 
international collaboration. 
 

• U.S. Export-Import (Ex-Im) Bank:  The Ex-Im Bank is a government-held corporation that 
provides loans and guarantees to U.S. exporters and to foreign purchasers of non-military U.S. 
goods and services.  Ex-Im is the U.S. government’s largest source of financing for international 
energy projects—of the $12.2 billion total it loaned out in FY 1997, a little over $1 billion went to 
energy projects, mostly related to electricity generation, coal processing, and petroleum refining.  
Despite its concentration on fossil fuels, the Ex-Im Bank does have a specific “Environmental 
Exports Program” which has, for example, guaranteed credit lines for customers in India buying 
solar-energy components from a firm in New Jersey, loaned $49.7 million to a Nevada company 
that will build, own, and operate four geothermal plants in the Philippines, and insured the 
$440,000 dollar sale of wind turbines to Mexico from California.30  A recently initiated effort 
between the U.S. government and selected developing and transition economies will attempt to 
establish a “Clean Energy Fund” in the Ex-Im Bank to buy-down the cost and risk of efficiency 
and renewables projects.  The Fund is, however, expected to total only a small fraction of the 
amount loaned for a single coal-fired power plant. 

 
• Overseas Private Insurance Corporation (OPIC):  OPIC is an independent Federal agency that 

provides political-risk insurance and financing to U.S. companies wishing to invest in transition 
economies or developing countries. In FY 1997, 40 percent of the $2.3 billion worth of insurance 
and financing that OPIC provided went toward energy projects, mostly related to oil and gas 
development and power generation. 

 
• U.S. Trade and Development Agency (TDA):  TDA helps U.S. companies enter overseas markets 

by funding feasibility studies, reverse trade missions, conferences, and technical assistance, 
especially for infrastructure and industrial projects in middle- and low-income countries.  In FY 
1997, TDA invested $7.5 million, 16 percent of its total budget, in 65 energy and power 

                                                 
29 Siegel and Rackstraw (1999). 
30 Ex-Im (1998). 
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activities, supporting projects involving commercially-proven technologies for gas transmission 
and distribution, clean coal, power-plant rehabilitation, renewables, and energy efficiency.31 

 
Efforts have been made in the past to strengthen U.S. clean energy technology export support.  

The Energy Policy Act of 1992 (EPACT), for example, contained numerous provisions intended to 
stimulate the export of renewable energy, energy-efficiency, and clean coal technologies to developing 
nations.32  As stated in the Act, these provisions were intended to meet the dual goals of promoting the 
export of U.S. technologies, while assisting foreign nations in meeting their energy needs in an 
“environmentally acceptable manner consistent with sustainable development policies.”  The Act 
recognized the need for financial assistance to U.S. companies to help them compete successfully against 
Japanese and European firms, as well as the need to build the capacity of developing nations to use U.S. 
energy technologies.  Further, the Act explicitly recognized the importance of energy-efficiency 
technologies in reducing greenhouse gas emissions in developing countries.  Finally, the Act authorized 
significant funding for the programs.  Since 1992, however, few of the EPACT’s energy technology 
export provisions have been implemented as envisioned in the Act.  The export assistance programs never 
received much more than $2 million in annual appropriations, and recently the renewable energy export 
program has been zeroed out. 
 
Other OECD Members 
 
 Other OECD members—in particular Japan, Germany, and the European Union (EU), some of 
whose activities are highlighted below—are also major participants in collaborative international ERD3 
projects with both developed and developing countries, often pursuing projects directly related to their 
commercial and environmental interests.  For example, Japan’s promotion of efficiency in China’s coal-
fired power plants is, in part, an effort to reduce acid rain in the region, and the EU’s proximity to the 
countries of Central Europe and the Former Soviet Union (FSU) is an important driver of ERD3 
cooperation focusing on nuclear safety in those nations. 
 
 The European Union (EU) 
 
 In addition to their own activities, the European Union’s member states support several 
international ERD3 programs through the EU that aim to provide mechanisms for the demonstration and 
deployment of new energy technologies, the dissemination of information, and indigenous capacity-
building.  Some of these efforts—especially those hosted in Eastern Europe and the FSU—take advantage 
of existing, low-cost opportunities to improve energy efficiency through technology deployment.  The 
EU’s activities help European energy-technology vendors position themselves to capitalize on emerging 
opportunities in the global marketplace, and establish pathways for institutionalized cooperation between 
the EU and non-EU countries.  Some of the most significant programs are: 
 

• ALTENER:  This program’s mission is to eliminate barriers to the penetration of renewable 

                                                 
31 TDA (1998a, 1998b). 
32  EPACT provisions included: (a) training under Section 1203, to be administered through USAID, authorized at 

$6 million per year for five years beginning in FY 1993; (b) building on earlier legislation enacted in 1984, the 
formation of an Interagency Working Group under Section 1207, divided into sub-working groups on renewable 
energy exports (the Committee on Renewable Energy Commerce and Trade) and energy efficiency exports (the 
Committee on Energy Efficiency Commerce and Trade) under Section 1608, and directed to consult with 
industry groups and NGOs and make recommendations as to the coordination of Federal export programs; (c) 
energy technology export trade promotion through the Trade Promotion Coordinating Council under Section 
1607; and other provisions. 
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energy sources within the European Union and in selected countries in Central and Eastern 
Europe and the Mediterranean.  Activities include financing feasibility studies of the potential of 
renewable energy sources in participating countries (up to 100 percent support), and pilot actions 
aimed at creating or extending renewable energy infrastructure (up to 50 percent support).  The 
budget for ALTENER was $48 million between 1993 and 1997; its successor, ALTENER II, 
which will operate from 1998 until 2002, has a budget of $33 million for FY 1999. 

 
• JOULE-THERMIE:  This program houses ERD3 collaborations carried out between the EU’s 

member states.  With over $1 billion of funding between 1995 and 1998, these programs 
primarily focused on decreasing the environmental impacts of energy use, developing renewable 
energy technologies, and research into fossil-fuel use. 

 
• PHARE and TACIS:  The EU’s technical assistance programs aim to develop capacity and 

management skills, and provide advice, expertise, and direct financing for energy-infrastructure 
projects outside the Union.  Each program has a different geographic focus: PHARE sponsors 
projects in Central and Eastern Europe; TACIS operates in the FSU and Mongolia.  Projects are 
financed from a variety of funding sources, including the European Development Fund and the 
European Investment Bank.  Between 1994-1996, PHARE's total budget was $176 million, and 
that of TACIS was $460 million.  

 
• SYNERGY:  With a 1997 budget of $7.2 million, the SYNERGY program promotes energy 

cooperation between EU member states and countries in Asia, Latin America, Africa, and the 
Middle East.  Projects aim to contribute to EU goals, such as the international economic 
competitiveness of European energy industries, energy-supply security, and global environmental 
protection, by providing advice, training, analysis, and support for regional cooperation.  Projects 
in Asia and Latin America have promoted the diffusion of European energy technologies in these 
markets, and ongoing cooperative efforts initiated under the SYNERGY program include the 
Euro-Mediterranean Forum, the Balkans Task Force, and the new China-European Community 
Group. 

 
 Japan 
 
 The Japanese government is the world’s largest supporter of ERD3 activities, spending over $2.5 
billion in total in 1997, the majority of which went toward nuclear energy R&D.  With regard to 
international ERD3 collaboration, the Japanese government funds a number of programs in all areas of 
energy research, some of the most significant being:33 
 

• Climate Technology Initiative (CTI):  Japan, together with the Australia, the Netherlands, and the 
United States, has led the effort on the CTI, and served as the first chair of the multilateral 
venture.  The CTI is an effort to pool the climate-related energy-technology expertise of Canada, 
Finland, Germany, Japan, the Netherlands, Norway, Australia, and the United States, primarily in 
the areas of oceanic and geological sequestration of carbon dioxide and large-scale solar power 
generation.  The chair of the CTI rotates among member nations, and it is currently held by the 
United States. 

 
• Energy Conservation Center, Japan (ECCJ):  ECCJ is a government-owned corporation that 

promotes energy efficiency in Japan, but also sends experts overseas to assist in identifying and 
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implementing opportunities for making energy-efficiency improvements, and trains visitors from 
other nations in energy conservation practices.  ECCJ worked with 95 countries in 1995. 

 
• Fast Breeder Reactors:  In April 1998, Japan announced that in the future it would collaborate 

with Russia and France to share the costs and risks associated with the development of breeder 
reactors. 

 
• International Thermonuclear Experimental Reactor (ITER):  Japan has consistently been one of 

the leading supporters of fusion research through its participation in the ITER project, a 
collaborative energy R&D program involving Europe, Japan, Russia, and (until recently) the 
United States.  In 1997, the Japanese government devoted $189 million, a considerable portion of 
its fusion research program, to participation in ITER. 

 
• Japan Development Bank:  In 1997, the Japan Development Bank, in cooperation with the World 

Bank and the Japanese Environment Agency, founded a 3-year “Global Environment Program” to 
transfer environmental technologies and know-how to developing nations, with an initial focus on 
the public and private sectors of Brazil, India, China, Nigeria, and Russia. 

 
• Other programs:  The Japanese government also has three rather large programs focusing on 

international aspects of ERD3: “International Cooperation for Energy and the Environment 
(Green Aid Plan),” allocated $80 million in 1998, seeks to help developing nations reduce their 
greenhouse-gas emissions by transferring knowledge and deploying technology; “Providing the 
Foundations for International Facilitation of Clean Coal Technology,” was given $22 million in 
1997; and “Promoting International Joint Research Projects with the Oil-Supplied Countries,” 
was allocated $20 million in 1997. 

 
 Germany 
 
 After Japan and the United States, the German government is the next largest sponsor of energy 
R&D, spending $394 million in 1997.  Over the last decade, Germany has sharply reduced its funding for 
nuclear fission R&D programs, but—through collaborative ventures with industry, tax credits, and other 
measures—is trying to both increase the share of renewables in its domestic fuel mix, and assist its 
growing wind and solar energy industries in becoming prominent in world markets. 
 
 Germany is engaged in international ERD3 cooperation on a variety of levels and through a 
variety of institutional arrangements.  With OECD countries, its activities include participation in IEA, 
ITER, and the programs of the EU, as well as bilateral agreements for science and technology 
cooperation, including three on energy R&D with the DOE.  Germany also has bilateral science and 
technology agreements with several countries in Asia, Africa, Latin America, Central and Eastern Europe, 
and the FSU, encompassing efforts to improve energy efficiency and reactor safety, to establish 
indigenous capacity for energy and environmental research, and to demonstrate and deploy renewable 
energy technologies.  Between 1974 and 1995, the German government spent some $360 million on 
renewable energy projects in the developing world, the majority of which focused on solar thermal and 
photovoltaic systems to operate water pumps and desalination plants. 34 
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Non-OECD Nations 
 
 Many valuable opportunities for international ERD3 collaborations lie in partnerships with 
nations outside the OECD, whose rapidly growing demand for energy services will result in enormous 
needs for new energy-technology infrastructure of the coming years.  Brief overviews of four non-OECD 
countries that are emerging as important players in ERD3 are provided below.  
 
 Brazil 
 
 Brazil has rapidly growing oil, natural gas, and electricity markets, and produces large amounts of 
hydroelectric power.  Due to financial difficulties and the need for capital to respond to its increasing 
energy needs, Brazil’s energy sector has experienced a considerable shift away from its traditional, 
government controlled monopoly structure in an attempt to create a favorable climate for private 
investment.  As a result there are many opportunities in the Brazilian energy sector, ranging from an 
already substantial market for petroleum equipment and services, to an increasing demand for natural gas 
technology, thermal electricity generation, and pollution-control equipment.35  One notable example of 
collaboration between the United States and Brazil already in existence is PROCEL, a Brazilian 
government program launched in 1986 to fund energy conservation projects in both the private and public 
sectors, which has received assistance from USAID, DOE, and EPA (see Box 3.1). 
 
 In addition, Brazil has one of the world’s largest renewable energy programs, namely production of 
ethanol from sugar cane.  Begun in 1976 as a way to both reduce oil imports and stabilize domestic sugar 
output, ethanol fuel production reached nearly 14 billion liters per year in 1996-97, providing about 42 
percent of the fuel consumed by Brazil’s light vehicles.  Production of ethanol from sugar cane supports 
nearly one million jobs in rural areas, and provides environmental benefits, including improved urban air 
quality and reduced carbon emissions.  Brazil avoided about 9 million metric tons of carbon emissions due to 
bio-ethanol use in 1996-97, equivalent to nearly 20 percent of its actual carbon emissions from burning fossil 
fuels.36 
 
 China 
 
 China is the world’s second largest energy consumer and the biggest user and producer of coal.  
With current projections that Chinese energy consumption could almost double over the next 25 years, 
this period will be a crucial “window of opportunity,” in which improved energy technologies will, or 
will not, be implemented, with lasting local and global consequences for the environment, the economy, 
and human health. 
 
 Like many other developing countries, China does not yet have major energy R&D programs of 
its own, although extensive efforts to deploy technologies that increase energy efficiency, along with 
structural changes, have meant that, over the last 20 years, energy use has grown only half as fast as the 
economy.  While the scope for further improvements is large, it is not yet clear how incentives for 
efficiency will be incorporated into China’s current program of market-based reforms, although the 
National Power Corporation recently announced that it would institute a 3-year moratorium on new 
conventional thermal power projects, concentrating instead on making improvements to the power grid 
and developing renewable and clean coal generation technologies.37 
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 Coal will continue to be the dominant fuel source in the near future, and thus there are significant 
opportunities to engage in cooperative exchanges of technology, information, and practices for 
deployment of coal power technologies that can achieve progressively higher efficiencies over the coming 
decades with decreasing emissions of both pollutants and greenhouse gases.  Natural gas (which currently 
accounts for less than 2 percent of energy use) may at the same time increase in importance, particularly 
with the increased attention currently being paid to the development of coal-bed methane, and the rapid 
growth in the number of vehicles will result in increased demand for oil.  China is also likely to be one of 
the few places where new nuclear plants will be installed in the next two decades, with a planned increase 
in nuclear capacity of 30 GW by 2020. The Chinese market therefore constitutes one of the few 
opportunities for the deployment of new reactor technology, and ensuring the safe operation of the 
expanding number of nuclear plants is of obvious importance.  Renewable energy, particularly biomass, 
wind, and solar, also has substantial promise in China, as do other distributed and rural power systems. 
 
 India 
 
 Currently the world’s sixth largest energy consumer, India’s demand for energy is increasing 
rapidly—for example, the electricity sector alone is projected to grow at an annual rate of 4.6 percent 
through 2010, an expansion that will require major infrastructure investments. 
 
 At present, all of India’s energy industries are dominated by government involvement and 
ownership.38  Recognizing the need for private capital, however, India allowed private firms to enter the 
electricity-generation business in 1991, and privatization of existing transmission and distribution 
networks is being considered.  Private-sector involvement in the exploration and production of oil and gas 
has also begun, with government-approved production-sharing contracts, including several with U.S. 
firms.  As result of fiscal and financial incentives for renewable energy, and support from organizations 
including the World Bank, the UN Development Program, and the Global Environment Facility, India 
became the world’s third largest wind energy producer in 1996, and also has a large market for 
photovoltaic technology—the United States alone exported about 12 percent of its PV cells and modules 
to India in 1995.39  India has received assistance in new power-generation projects, institutional reform, 
technology transfer, and energy-efficiency enhancement from a variety of multilateral donors (including 
the World Bank Group and the Asian Development Bank), as well as through bilateral arrangements with 
individual countries, in particular Japan, which has been by far the largest donor of aid to India.  USAID 
has an extensive program with India (Box 2.2). 
 

In May 1998, in response to a series of nuclear tests, economic sanctions were imposed on India 
by the United States and Japan, and bilateral assistance from many other countries was suspended or 
terminated.  Such sanctions forbid U.S. banks from lending to India’s government, prohibit new loans and 
loan guarantees from agencies such as OPIC and the Export-Import Bank, and require the United States to 
oppose multilateral assistance by organizations such as the World Bank and the International Monetary 
Fund.  These measures could severely affect prospects for collaboration in the energy sector—for 
example, U.S. opposition recently forced the delay of $865 million of World Bank loans for energy 
infrastructure and road construction.40 
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Box 2.2:  USAID Programs in India 
 
USAID has been very active in India in promoting privatization of the power sector, renewable energy, and 

energy efficiency.  In one such program, USAID has been partnering with the National Thermal Power Corporation 
(NTPC) to develop a national network of efficient power plants in India, with the goal of reducing carbon emissions 
by 2 million metric tonnes by 2001.  The program emphasizes technical assistance and demonstration projects for 
meeting these goals.  NTPC invested $2.5 million in new energy-efficient technologies in the first year of the 
program, and invested in feasibility studies for further improvements in the group’s seventeen power plants (which 
produce among them 25% of India’s power). 

 
USAID has also supported bagasse (sugar cane fiber residues) cogeneration in India through policy studies, 

cost-shared grants, and technical assistance.  Partners in this project include the Indian government and universities, 
and private-sector firms and other NGOs in both India and the United States.  Through USAID’s and partner’s 
efforts, over 300 MW of bagasse cogeneration are now on line, with significant reductions in annual carbon 
emissions from power plants.  Furthermore, government regulations and appropriate tariffs for cogenerated power 
have been established, which will allow continued opportunities for efficient deployment of cogenerated power (see 
Combined Heat and Power Initiative in Chapter 3). 

 
There is also an Indian private power initiative being promoted under the direction of USAID, the goal of 

which is to facilitate the establishment of an institutional framework to catalyze efficient private power projects.  
The Indian Government, State Electricity Boards, Indian NGOs, and U.S. firms and NGOs are all participating in 
the initiative, which has led to the establishment of a framework for supporting and promoting private power 
nationally, and the training of over 400 energy-sector professionals.  In addition, the restructuring efforts are 
expected to leverage a $600 million loan for investment in new power-generation projects. 

 
Source: Jefferson Seabright.  Presentation to PCAST IERD3 Panel, November 20th, 1998.  

  
 
 Russian Federation 
 
 In contrast with the high priority placed on ERD3 during the Soviet period, energy-related 
research activities accounted for only about $35 million, or 0.7 percent, of reported civilian RD3 spending 
in 1993, and—given the pressures on the Russian government to stabilize its precarious fiscal situation by 
cutting expenditures—are likely to decline further in the near future.  In 1994, Russia announced a new 
Energy Strategy, which signaled a fundamental shift in ERD3 policy away from increasing gross energy 
output to promoting efficiency, resource conservation, and environmental protection. Perhaps more 
important is the need for fundamental institutional reforms—for example, eliminating energy subsidies to 
domestic consumers, fostering competition, and encouraging the development of capital markets—to 
generate incentives for adopting new technologies.  Indeed, international actors engaged in cooperative 
energy-sector activities in Russia have generally focused on providing technical assistance to support 
such reforms. 
 
 
OTHER MAJOR PLAYERS 
 
 As well as governments and firms, a multitude of other institutions of diverse scale and scope are 
involved in ERD3 activities, ranging from the programs carried out by the International Energy Agency 
on behalf of its 24 member governments, to multilateral organizations, such as the World Bank, to small 
NonGovernmental Organizations (NGOs) operating at the local level.  A selection of some of the most 
important global players is provided below. 
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The Global Environment Facility (GEF) 
 

The GEF is the financial mechanism for implementing the global conventions agreed to at the 
1992 U.N. Conference on Environment and Development, including the Framework Convention on 
Climate Change.  The GEF is implemented by the World Bank, the U.N. Development Program, and the 
U.N. Environment Program, and has an independent Council with 32 member nations.  Through 1993, the 
GEF energy-efficiency and renewable energy portfolio consisted of 63 projects in 38 countries, with a 
GEF commitment of $610 million and associated financing of $4.8 billion for those projects.  GEF’s total 
budget for 1994 to 1998 was $2 billion, and for 1998 to 2002 is expected to be $2.75 billion.   
 

The GEF’s energy-related activities are largely aimed at paying the incremental costs of reducing 
the greenhouse-gas (GHG) emissions arising from development projects.  Meeting these costs is often not 
justified at a local or national level, but can be justified when the global benefits of reduced GHG 
emissions are included.  There are two categories of incremental costs that qualify for GEF’s 
involvement: 
 

• Identifying and reducing institutional barriers, such as transaction costs, that are preventing the 
deployment of energy-technologies that would otherwise be cost effective.  At present GEF has 
two Operational Programs (OPs) in this category, “Removal of Barriers to Energy Efficiency and 
Energy Conservation” (OP 5) and “Promoting the Adoption of Renewable Energy by Removing 
Barriers and Reducing Implementation Costs” (OP 6). 

 
• Buying-down the price of new technologies that offer the potential for large GHG-emissions 

reductions but are not yet cost-effective, although they have good prospects for becoming cost-
effective with accumulating experience.  GEF has several programs in this category, “Reducing 
the Long-Term Costs of Low Greenhouse Gas Emitting Energy Technologies” (OP 7). 

 
GEF is also developing two other Operational Programs, one to promote sustainable transport and 

the other for carbon sequestration.  In all instances, GEF aims to leverage its funds to make technological 
and institutional innovations self-perpetuating through market forces, without continuing subsidies.41 
 
The International Atomic Energy Agency (IAEA) 
 
 Based in Vienna, the IAEA serves as the world's central intergovernmental forum for scientific 
and technical cooperation in the nuclear field, and as the international inspectorate for the application of 
nuclear safeguards and verification measures covering civilian nuclear programs. A specialized agency 
within the United Nations system, the IAEA came into being in 1957 and, in 1997, had 128 Member 
States and a budget of $232 million.  Among its activities are the creation of databases and methodologies 
to compare the costs and benefits of nuclear power with other ways of generating electricity, and 
technical cooperation programs that try to encourage safe operation of nuclear reactors, safe disposal of 
nuclear waste, technology transfers, and capacity building. 
 
The International Energy Agency (IEA) 
 
 Formed in 1974 as an autonomous agency of the OECD Member countries, the IEA’s mission has 
evolved from its original focus on mitigating oil-supply disruptions to promoting diversity, efficiency, 
and flexibility within the energy sector in general. To this end, the IEA, among other activities, 
coordinates international cooperation in ERD3 activities via “Implementing Agreements” (IAs) that 

                                                 
41 See also the page 3-29 and footnote 43 for recent GEF initiatives. 
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provide a framework for collaboration between both member and non-member countries.42  Projects cover 
fossil fuels, renewable energy technologies, fusion power, and energy end-use technologies, with 
activities ranging from pre-competitive development to the deployment of commercial-ready 
technologies, and member countries elect to join individual IAs.  Altogether, there are forty IAs operating 
through a combination of jointly-funded activities, independent activities coordinated through a shared 
research agenda, and activities directly supported by the IEA.  It is estimated that the level of effort for all 
these types of cooperation is between $120 million and $150 million per year. 
 
Non-Governmental Organizations (NGOs) 
 
 NGOs have been active in creating markets, advocacy, training, technology demonstration, and 
financing in the energy sector of many countries.  Some NGOs facilitate community involvement in 
environmental issues, such as energy-related air pollution in Eastern Europe.  Others are developing 
innovative financial and service networks for the deployment of clean energy technologies—such as 
household PV-powered lighting systems—to rural areas of developing countries.  Many NGOs are 
involved in community development work that involves energy technology; examples range from the 
provision of clean water for households to agricultural development.  NGOs can play a particularly 
important role in energy technology deployment because of their strong community involvement.43 
 

NGOs such as the International Institute for Applied Systems Analysis (the source of the 
scenarios described in Box 1.1)—take the form of national and international research institutes and 
organizations.  In many countries, national academies of science, engineering, and medicine provide a 
way to call on expertise from academic, private sector, and policy communities, e.g., to advise on and 
analyze the complex issues involved in choosing and implementing energy strategies.  The academies 
often work together with foreign counterparts to provide international perspectives and forge cooperative 
recommendations—examples include an ongoing China-U.S. Academy study of energy options, and a 
India-U.S. Academy effort that is just beginning. 
 
 In addition, the International Council for Science Unions (ICSU)—an NGO comprising 95 
multidisciplinary National Scientific Members (scientific research councils or science academies) and 25 
international, single-discipline Scientific Unions—is a major international forum for the scientific 
community.  For example, ICSU provided “An Agenda of Science for Environment and Development 
into the 21st Century”—including a section on energy44—for the UN Conference on Environment and 
Development (the Rio Conference), and was the originator of the International Geosphere-Biosphere 
Program, an international scientific effort to understand human impacts on the global climate system. 
 
Regional Development Banks 
 
 The United States is a shareholder in the four major development banks that focus on regional 
economic-development issues.  All of these banks make significant loans to the energy sectors of 
developing countries, generally concentrating on traditional energy-infrastructure projects, although many 
are starting small programs to encourage energy efficiency and the use of renewable energy technologies.  
The banks are: 
 

                                                 
42 IEA (1998). 
43 Tirpak (1999). 
44 Holdren and Pachauri (1992). 
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• The African Development Bank Group (AFDB) is based in Abidjan, Cote d’ Ivoire and has 77 
member nations, 53 from Africa and the remainder from North and South America, Europe, and 
Asia.  In 1997, AFDB lent a total of $1.6 billion to its African member countries, of which 
approximately $115 million went to the energy sector. 

 
• The Asian Development Bank (ADB) is composed of 16 non-regional and 40 regional members, 

including China, India, Indonesia, Korea, Pakistan, Philippines, and Thailand.  The energy sector 
received the largest proportion of the ADB’s new loans in 1997, accounting for $13.5 million of 
the $50.8 million total lending. 

 
• The European Bank for Reconstruction and Development (EBRD) assists the transitions toward 

market-oriented economies in Eastern Europe and the Commonwealth of Independent States.  In 
1997, the EBRD approved loans for 143 new projects worth approximately $3.6 billion, of which 
11, totaling $375 million, went to the energy sector.  Approximately half of these loans went to 
projects that facilitated the establishment of ESCOs, and the rest went to improve or establish 
electricity projects, particularly in hydroelectric, geothermal, and gas generation. 

 
• The Inter-American Development Group (IDB) serves Latin America and the Caribbean.  

Overall, out of its $6 billion total lending in 1997, the IDB loaned $1 billion for energy-sector 
projects.  The IDB has recently created the “Sustainable Markets for Sustainable Energy 
Program” to improve energy efficiency in industry, urban transportation, and rural areas and 
encourage the use of renewables. 

 
The United Nations (UN) 
 

Within the United Nations, three major organizations are involved in creating and carrying out 
energy programs and initiatives: the United Nations Development Program (UNDP), the United Nations 
Environment Program (UNEP), and the GEF (see above).  In addition, several UN agencies exist for 
specific energy resources, e.g., the IAEA for nuclear issues (see above), and a host of other UN agencies 
and programs also support initiatives ranging from energy-policy creation and management to direct 
funding of programs. 
 
 Between 1974 and 1994, UNDP alone invested a total of $412 million in 916 energy-sector 
projects, a majority of them located in Latin America and Asia.  About a third involved energy planning, 
another third involved projects in the oil, natural gas, or electricity sectors, and the remainder was divided 
among projects in energy efficiency, coal, renewables and nuclear energy.  UNDP established a separate 
energy account in 1980 to focus on funding of renewable energy to meet the energy needs of rural 
communities. UNEP also carries out other energy-related programs, for example promoting the 
dissemination of information on energy-efficient technologies. 
 
The World Bank Group 
 
 The World Bank provides about $20 billion a year to developing and transition countries, mostly 
in the form of loans.  Because of the increases in energy consumption, mainly in transportation and 
industrial sectors, associated with economic growth, energy has been an integral part of the World Bank’s 
work in development.  The World Bank assists developing countries in undertaking energy projects using 
instruments such as loans, credits, guarantees, technical assistance, and equity participation—about 7 
percent of its total annual lending is devoted to “electric power and energy”, almost all of which has 
traditionally been devoted to large-scale fossil fuel and hydro-electricity projects. 
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 Although the majority of the World Bank’s current and past energy projects have promoted 
conventional energy sources that add to global air pollution and greenhouse-gas emissions, it also 
participates in efficiency and renewables initiatives, such as: the Global Environment Facility (see above); 
the Energy Sector Management Assistance Program (a joint undertaking with UNDP and bilateral donors 
to provide technical assistance in energy sector reform, energy efficiency, and renewable energy, among 
others); and the Asia Alternative Energy Program (an effort that aims to identify and implement 
commercially viable energy efficiency and renewable projects, which is currently responsible for over $1 
billion worth of projects in 12 Asian countries). 
 
 The International Finance Corporation (IFC) is the “private sector” arm of the World Bank, 
which takes equity and debt positions in private firms for development purposes.  It has inaugurated 
projects for efficient lighting in Poland, and, with the GEF, has created or is trying to create several funds 
to be implemented by a financial intermediary.  For instance, a proposed “Renewable Energy and Energy 
Efficiency Fund,” with a $30 million investment, will be matched with $210 million of private equity.  
The fund will be managed by a private firm and will operate as a for-profit organization, but will be 
confined to investing in renewable- energy and energy-efficiency projects, preferably with financial needs 
below $30 million (see Box 3.5 for examples of other programs). 
 
 
CONCLUSIONS 
 
 A number of themes emerge from the survey of the international ERD3 landscape presented in 
this chapter.  First, and most obvious, is the sheer diversity of participants who play a role in ERD3 
efforts, including public, private, intergovernmental, and non-governmental institutions active in the 
research, development, demonstration, and deployment of energy technologies in developed and 
developing countries.  With activities being carried out at many scales and in many different locations, an 
enormous potential exists for international collaborations to enhance the effectiveness and efficiency of 
the global ERD3 enterprise. 
 
 Second is the recognition that the private sector has become the dominant channel for the global 
deployment and commercialization of energy technologies.  Yet, despite the worldwide wave of 
privatizations in the energy sector, and the realization that only private capital can provide the hundreds 
of billions of dollars that will need to be spent every year on energy technologies if the rapid global 
growth in demand for energy services is to be met, the private sector alone cannot do everything.  For 
example, as described earlier in this chapter, market pressures are forcing firms in many energy industries 
to scale back their long-term R&D, concentrating instead on the deployment and commercialization of 
technologies that can rapidly yield an advantage in the increasingly competitive global marketplace.  
Important roles still exist for governments and other institutions, although it is not clear that these players 
have fully adapted to the realities of the new ERD3 landscape. 
 
 Finally, it has become increasingly apparent to the Panel in the course of reviewing global ERD3 
activities that there are many currently under exploited opportunities for the United States government to 
bolster international cooperation in energy innovation in ways that would greatly benefit its own citizens 
and the world as a whole.  These opportunities and the specific actions that the Federal government 
should take in order to take advantage of them are presented in the remainder of this report. 
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Table 2.1:  Representative Federal Agency Roles in International ERD3

 
 

  
Focus 

Information 
Exchange 

Insurance, 
Financing or Loan 
Guarantees 

Trade 
Promotion 

 
Training 

 
Policy 

 
Technology Role 

U.S. Agency 
for Interna-
tional 
Develop-
ment 
(USAID) 

Develop-
ment 
assistance 

Disseminates 
technology 
information in over 
80 countries. 

USAID is the principal 
U.S. foreign assistance 
agency, funding 
energy, industrial and 
infrastructure projects 
overseas. 

Funds pre-feasibility 
studies and demonstration 
projects, which frequently 
result in orders for 
advanced energy 
technologies. 

Supports training to build 
human and institutional 
capacity in ERD3, energy 
and industrial policy, and 
technical skills. 

USAID places 
considerable emphasis 
on institutional reform, 
particularly energy 
sector and regulatory 
reform. 

Funds technology 
demonstrations and engages the 
private sector in partnerships 
that can promote energy-
technology deployment 

Committee 
on Energy 
Efficiency 
Commerce 
and Trade 
(COEECT) 

Trade   Coordinates activities of 
Federal Agencies involved 
in promoting exports of 
energy-efficiency 
technologies. 

   

Committee 
on 
Renewable 
Energy 
Commerce 
and Trade 
(CORECT) 

Trade   Coordinated the activities 
of Federal agencies 
involved in promoting 
exports of renewable 
energy technologies.  
Funding zeroed out for FY 
1999, none requested 
FY2000. 

   

Department 
of 
Commerce 
(DOC) 

Trade 
promotion 
and 
information 

DOC is the agency 
with principal 
responsibility for 
gathering and 
disseminating data 
on trade.  NIST 
provides information 
and access to U.S. 
and international 
standards 

 Supports a broad range of  
energy-technology trade 
activities, including 
overseas missions and in-
country specialists through 
the U.S. & Foreign 
Commercial Service.  DOC 
supports feasibility studies, 
promotes U.S. businesses 
abroad, and hosts the Trade 
Information Center. 

Sponsors training and 
exchange in science and 
technology fields. 

Helps represent U.S. 
private-sector energy 
companies and 
technology providers in 
bilateral and 
multilateral standards 
development, and 
environmental and 
trade negotiations. 

DOC’s National Institute for 
Standards and Technology 
(NIST) provides a venue for 
scientists and engineers to 
collaborate internationally, and 
the Advanced Technology 
Program cost-shares with 
industry high-risk technology 
development. 

Department 
of Energy 
(DOE) 

R&D DOE exchanges 
information with bi- 
and multilateral 
partners on  basic 
research, processes, 
technology 
performance, and 
energy systems 
analysis. 

DOE technical 
assistance helps reduce 
risk for the private 
sector. 

Provides technical 
assistance, feasibility 
studies, and technology 
demonstrations.  Supports 
trade missions. 

Training and exchanges to 
advance research on 
fundamental processes, 
technology development, 
demonstration, and 
implementation of energy 
technologies.  DOE trains 
U.S. and foreign scientists 
and researchers. 

Provides technical 
support and assistance 
in energy policy and 
regulation overseas, 
helping to shape 
patterns of global 
energy supplies and 
technology choices. 

DOE is the principal energy 
technology RD3 agency.  Its role 
includes basic, long-term, and 
applied R&D, demonstration, 
and deployment. 
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Focus 

Information 
Exchange 

Insurance, 
Financing or Loan 
Guarantees 

Trade 
Promotion 

 
Training 

 
Policy 

 
Technology Role 

U.S. 
Export-
Import 
Bank 

Trade 
financing 

 Provides export-credit 
support through loan 
guarantees, insurance, 
direct loans, and grants 
to U.S. firms engaged 
in export of energy 
goods and services. 

Offsets tied-aid  from other 
governments to level the 
playing field for U.S. firms. 

   

Department 
of the 
Interior 

Natural 
resource 
manage-
ment 

DOI exchanges 
information on  
energy resource 
management. 

   Provides information 
about energy resources 
and promotes private-
sector investment in 
resource development 

Interior Dept. supports RD3 of 
technologies for prospecting and 
extraction of energy resources. 

Department 
of State 

Internat’l 
relations 
and policy 

Provides framework 
for info exchange. 

 Supports U.S. trade 
promotion 

 Plays central role in 
formulation of policy. 

 

Department 
of Treasury 

Finance 
and trade 

 Provides guidance to 
multilateral 
development banks. 

  Oversees U.S. 
monetary and related 
policy. 

 

Environ-
mental 
Protection 
Agency 
(EPA) 

Environ-
mental 
protection 

EPA participates in 
information 
exchange about 
technology 
performance, 
especially for the 
adoption of codes 
and standards. 

 EPA can identify early 
opportunities for trade 
development, particularly 
in areas such as air quality.  
Efforts to date include 
encouraging energy-
efficient building 
technologies, sustainable 
sources of energy, and 
greenhouse-gas-mitigation 
analysis. 

Supports international 
collaboration and technical 
training to address global 
and cross-boarder 
environmental risks. 

Provides technical 
support for 
international 
environmental 
negotiations. Consults 
with foreign 
governments on 
environmental policy 
and regulatory issues.  
EPA experience with 
voluntary programs 
could be useful 
overseas. 

EPA has had a limited 
international role in 
collaborative energy technology 
R&D — its efforts focus on the 
demonstration and deployment 
of technologies to promote its 
core mission. 
 

National 
Science 
Foundation 

R&D Funds overseas 
exchange of 
research, scientists 
and engineers. 

  Promotes partnerships 
between U.S. scientists and 
their foreign colleagues. 

Provides support for 
analytical work carried 
out under IIASA, such 
as the WEC scenarios 
described in Chapter 1. 

Funds joint research between 
U.S. /foreign scientists/ 
engineers in basic and early 
applied R&D.  Helps ensure 
U.S. involvement in advanced 
research worldwide. 

Nuclear 
Regulatory 
Commission 

Nuclear 
material 
control and 
safety 

Participates in 
worldwide 
information 
exchanges on ERD3 
and reactor 
operations. 

  Provides training in 
regulatory approaches, 
plant safety, material 
safeguarding, waste 
management, and facilities 
decommissioning. 

Advises countries on 
regulatory methods and 
standards and 
licensing. 

Supports cooperative efforts 
resulting in the purchase of 
equipment. 
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Focus 

Information 
Exchange 

Insurance, 
Financing or Loan 
Guarantees 

Trade 
Promotion 

 
Training 

 
Policy 

 
Technology Role 

Overseas 
Private 
Investment 
Corpor-
ation 

Political 
insurance 
for trade 

 Provides political-risk 
insurance against 
currency 
inconvertibility, 
political instability, and 
expropriation, as well 
as loans and loan 
guarantees. 

Supports American firms 
involved in power 
generation. 

   

Small 
Business 
Administra-
tion 

Trade 
finance 

 Provides financial 
support to small 
business to expand 
export sales. 

    

U.S Trade 
and 
Develop-
ment 
Agency 

Project 
feasibility 
studies 

  Focuses on providing 
grants for feasibility studies 
and reverse trade missions. 

Helps to identify areas in 
which technical training, 
workshops, and assistance 
may help influence project 
success. 

  

U.S. Trade 
Representa-
tive 

Trade 
policy 

  Supports U.S. export 
efforts. 

 Oversees U.S. trade 
policy.  
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CHAPTER 3 
FOUNDATIONS OF INTERNATIONAL COOPERATION  

ON ENERGY INNOVATION 
 

 
 

In industrialized and developing countries, regulatory frameworks should be directed at 
safeguarding competition and the consumer interest.  Regulators should also provide a framework 
that encourages the main actors to take account of the longer-term vision required for sustainable 
energy provision and use. 
 
     World Energy Council Statement 19991  

 
 
 

hapter 1 described the U.S. interests and values at stake in energy-technology innovation and 
international cooperation with respect to it; Chapter 2 described the array of international ERD3 
activities now underway in the public and private sectors alike.  Between these lies a significant 

gap of under-addressed challenges and under-exploited energy technology and policy opportunities.  The 
remainder of this report is devoted to actions that the U.S. government could take—partly independently 
but mainly in concert with other governments, with multilateral organizations, and with the private 
sector—to narrow that gap in the years and decades immediately ahead.   
 
 We divide the measures that could be taken into four categories.  The first category, treated in this 
chapter, addresses shortcomings in what we call the foundations of international cooperation on energy 
innovation.  By this we mean the fundamental capacities—in the United States, in potential partner 
countries, and in international organizations linking these—for organizing, funding, conducting, and 
evaluating activities all along the ERD3  “pipeline”: energy R&D; demonstrations of potentially 
commercializable technologies that emerge from this R&D; cost buy-down of demonstrated technologies 
along the "learning curve" that relates cost to cumulative production; and measures to shape the 
environment for commercial deployment of innovative technologiesincreasing incentives, lowering 
barriers (especially in relation to finance), and setting appropriate standardsto reflect their public 
benefits.2    
 

We are concerned in this chapter, then, with generic measures to strengthen, within and among 
countries, the capacities to carry out and cooperate on activities all along the ERD3 pipeline—including 
not just research and development but also demonstration, cost buy-down, and commercial deployment—

                                                      
1 WEC (1998) 
2 While the core of our focus in this report is on international cooperation related to these activities, that focus 

cannot be entirely separated from evaluations of and attempts to strengthen the relevant U.S. and foreign domestic 
ERD3 capacities as both a basis and a focus for international cooperative efforts.  The previous PCAST energy 
R&D study (PCAST 1997) addressed in great detail the status of U.S. domestic energy R&D capabilities and how 
to strengthen these (with lesser emphasis on demonstration and deployment).  We do not attempt to summarize 
those earlier findings in any comprehensive way here, but we do refer to them from time to time, and we hope 
that readers of this report will read at least the Executive Summary of that earlier report.  
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and cutting across all categories of energy-supply and energy-end-use technologies.   Opportunities for 
cooperation that focus on specific energy-end-use and energy-supply technologies are discussed in 
Chapters 4 and 5, respectively, and improvements in the practices and institutional arrangements through 
which the United States government manages and coordinates its international ERD3 activities are treated 
in Chapter 6.  Our treatment of the foundations of international ERD3 cooperation in the rest of this 
chapter begins with a discussion of the weaknesses in the various parts of the ERD3 pipeline around the 
world and the ways these weaknesses are being accentuated, to some extent, by trends in the public and 
private sides of the energy sector and in public-private interactions.  We then turn to recommendations 
aimed at addressing these weaknesses through initiatives in three categories: building basic capacity for 
ERD3, shaping energy-sector reform to address the full range of society’s interests in it, and strengthening 
the financing mechanisms available for the deployment of high-public-benefit energy options. 

 
 

TRENDS AFFECTING THE ERD3 PIPELINE 
 

Energy is fundamental to the functioning of a modern economy, and, accordingly, building this 
sector has been a central focus of all countries during their economic development.  Energy-supply 
systems have historically been very large in order to achieve economies of scale, involving immense 
capital investments. The energy system, including both energy conversion (e.g., electricity generation) 
and the transmission and distribution networks of “pipes and wires,” has been regarded as having the 
characteristics of a “natural monopoly” that requires huge infrastructure investments—the duplication of 
which would be economically inefficient.  This consideration led to state-owned, -operated, and/or -
regulated energy-supply systems in order to control or guide the development of this sector, assist the 
mobilization of capital for these huge projects, and thereby encourage economic development.  The 
natural monopoly character of the system provided the basis for a social contract between the energy 
supplier and energy consumers.  In exchange for granting the supplier (a regulated private company or a 
state-owned enterprise) the exclusive right to provide energy, the supplier would be obligated to provide 
certain public benefits that the free market would not otherwise provide.  Notable among these public 
benefits were the “obligation to serve” all customers with reliable supplies of energy, and, recently in a 
number of countries, also the provision of services aimed at overcoming institutional barriers to cost-
effective investments in energy-efficiency improvement on consumers’ premises or that take into account 
environmental externalities. 
 

Recently, however, industrialized and developing countries alike have begun to “restructure” 
their energy sectors to encourage privatization and competition.  In the industrialized countries this 
restructuring has been driven to a considerable extent by technological developments that have 
undermined some of the natural monopoly features of the energy system.  In particular, electricity 
generation is no longer regarded as a natural monopoly (although “pipes and wires” networks still have 
this feature).  Advances in gas turbine, fuel cell, and various renewable energy technologies have made it 
possible to generate electricity cost effectively with low levels of pollution over a wide range of scales 
and configurations.  This includes generation at sites at or very near customers’ premises, where operation 
in combined heat and power modes becomes especially attractive.  Complementing these technological 
advances has been a growing recognition that natural gas is a much more abundant energy resource than 
was thought to be the case in decades past.  This observation is closely related to the new technological 
opportunities for energy conversion in that many of the recent technological advances that undermine the 
natural monopoly concept for power generation are best exploited using natural gas fuel.   These new 
technological opportunities in turn have led to demands by manufacturers and other energy consumers for 
institutional reforms (e.g., deregulation of electric generation and natural gas price deregulation) to 
exploit these new technological opportunities so as to reduce prices, improving the efficiency of the 
economy. 
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In developing countries the reform process has been driven by the need to address some of the 
difficulties and inefficiencies that have emerged in their publicly run energy systems, including:3  

 
• heavily subsidized energy prices, implemented to aid the poor and encourage development in 

agriculture and key industries, but also often driven by short-term political considerations over 
long-term economic consequences;  

 
• institutional and political biases for large, highly visible projects, both domestically and through 

multilateral development banks, which tended to emphasize “development now, environmental 
protection later”;  

 
• tariff and non-tariff barriers used to favor in-country technologies, which have resulted in more 

expensive, more polluting, and less capable energy systems. 

 
Because of various subsidies, excess staffing, weak managerial and technical performance, 

ineffective revenue collection methods, and other factors, the energy sectors of many countries have 
generated large budget deficits.  By the late 1980s, average electricity tariffs across developing countries 
were 45 percent below the OECD weighted average, and electricity prices in Latin American and the 
Caribbean, in particular, averaged only about 70 percent of long-run marginal costs.4  
 

At the same time, bilateral concessionary financing has sometimes distorted markets and 
promoted technologies on behalf of the donor’s domestic industry.  Multilateral lending institutions have 
favored large-scale conventional energy projects over smaller-scale clean energy-technology projects 
because of the lower transaction costs of large projects; the perceived lower risks of standardized large 
projects; and the corresponding fiduciary responsibilities of the MDBs to protect their client countries’ 
interests. 
 

Entering the 1990s developing countries faced the prospect of financing a $1 trillion expansion of 
their power generation systems by the turn of the century, with little prospect that this would be feasible 
under business-as-usual conditions.  With little or no retained earnings, their energy companies have 
typically been wholly dependent on outside sources for financing energy projects.  Their poor financial 
performance has made it exceedingly difficult for them to raise capital from commercial sources.  
Historically, their governments, motivated by the conviction that energy supply expansion, particularly 
electricity supply expansion, is key to economic growth, would raise the needed capital for “infrastructure 
development” purposes.  But in recent years many of these governments have faced severe fiscal 
constraints that have made it impossible for them to continue to “bail out” their energy companies.  

 
These factors have placed enormous financial and institutional stress on public sector energy 

institutions that are now leading to substantial restructuring and reform of energy sectors around the 
world, with a strong shift to commercial terms and private markets. For example, many developing 
countries began a process of “opening up” their power sectors, with privatization of power companies 

                                                      
3 Many countries, for instance, have used State Energy Boards to develop their energy sectors.  These Boards 

allowed the state to, among other things: (a) conduct centralized energy planning and exercise regulatory 
control—an important function given other institutional and private-sector weaknesses; (b) mobilize capital, in 
part through provision of sovereign guarantees—an often unavoidable response to the weakness of domestic 
capital markets and international perceptions of political and economic risks; and (c) exercise important 
negotiating power.  In the past, such public control of energy systems was warranted, but the historical rationale 
for public-sector control is now eroding in most countries. 

4 Schramm (1993). 
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and, increasingly, elements of competition as well in electricity markets. Energy-sector reforms are 
helping make the sector more efficient and more responsive to economic needs and are making energy 
markets in developing countries more attractive business opportunities for foreign investors. 

 
The technological revolution that has driven energy-sector reforms in the industrialized countries 

is of direct relevance to this situation in developing countries.  For example, the technologies that make it 
feasible to provide competitive power at smaller scales also reduce the need for state-mobilized capital 
and make possible the market entry of more private-sector entities.    

 
In many respects, ongoing activities in the energy sector mirror broader economic reform—with 

greater reliance on markets and the private sector—that is occurring in much of the world and 
contributing to rapid economic growth.  Many developing countries have been enacting national 
economic and trade reforms and opening up their markets to promote economic growth.   

 
One possible unintended consequence of energy-sector economic reform is to disable many 

traditional mechanisms for addressing public concerns, including support for energy RD3, strengthening 
energy security, ensuring equity, and reducing environmental impacts.   
 

Low and declining levels of RD3 (Chapter 2) and the public/private barriers to energy-technology 
innovation pose substantial difficulties for the RD3 of innovative energy technologies essential for 
meeting the global energy-linked challenges described in Chapter 1.  Because of the dramatic change in 
the basic structure of the energy sector—driven in part by technological advanceit is not reasonable to 
expect traditional forms of achieving public goals to work nearly as effectively, if at all, as they have in 
the past.  New forms of public-private partnerships are needed to harness market forces and mobilize 
private capital for rapid energy-technology innovation along the full spectrum of the RD3 value chain.   
 
 
STRENGTHENING THE ELEMENTS OF THE ERD3 PIPELINE 
 
 The elements of the energy-technology innovation pipeline5 include research, development 
demonstration, “buying down” the costs of innovative energy technologies along their learning curves, 
and widespread deployment.  These steps are tightly interconnected: R&D leads to innovative 
technologies for demonstration and deployment, while lessons from demonstration and deployment 
propagate backwards in the pipeline to guide targeted basic research and applied energy-technology 
R&D.6  These steps, moreover, entail not only technical but also financial and institutional dimensions.  
The financial dimension entails a web of public and private investment, with changes in level and form at 
each stage of the RD3 process, including even, for small- to medium-scale technologies, the availability of 
retail finance to facilitate end-user purchase of the technology.  Institutionally, the pipeline involves 
public and private research laboratories, public-private technology demonstrations, mechanisms for 
publicly assisted buy-down of costs of innovative-technologies manufactured by the private sector, and a 
variety of other arrangements.   

                                                      
5 The “pipeline” metaphor is used here to simplify the discussion of policy mechanisms and of agency and 

institutional roles, but we emphasize that the actual RD3 process is much more complex.  As noted in PCAST 
1997, “With globalization and increased competition, ever shorter product cycles, and increasingly sophisticated 
technology, this model no longer works well and can even be seriously counterproductive.  Rather than a 
pipeline, a more realistic image today might be a complex tapestry, with the various stages—basic science, 
applied research, development, demonstration, commercialization—all strongly entangled and inseparable 
throughout the process.  R&D today is a dynamic process with extensive interactions among all stages.”  [See 
pages 7-14 to 7-20 of PCAST (1997)].  

6 PCAST (1997). 
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For every technology and every geographic and economic setting, careful consideration must be 

given to the design of the combination of technical, financial, and institutional mechanisms that will 
ensure, at each step of the energy RD3 pipeline, the most effective use of public and private funds, the 
least possible public and private exposure to risk, the best use of competition to quickly drive costs down 
and performance up, the greatest transparency and smallest transaction costs, and the most effective 
public- and private-sector coordination as a technology moves through the pipeline.  We turn now to 
some of the specific factors that must be taken into account at the different steps of that pipeline. 
 
Research and Development    
 

For a variety of reasons, the private sector under-invests in energy R&D relative to the public 
benefits that could be realized from such investments.  This includes their inability to appropriate the full 
benefits of their investments, the long term and/or high risk of the investments, and the low return on 
investments that address externalities such as air pollution that are not costed in the market (see Chapter 1 
and the PCAST 1997 energy R&D report).  Consequently, it has long been recognized that the public 
sector has a vital role to play in supporting R&D, and it should continue to play this roleobviously with 
increasing private-sector participation as a technology moves towards a potentially marketable application 
or product.  In the United States, the Department of Energy has been the principal public sponsor of 
energy R&D, with some support from the Environmental Protection Agency and others. A variety of 
mechanisms are used to encourage partnerships with the private sector within the United States 
(including, for instance, Cooperative Research and Development Agreements).  

 
The increasingly global character of the innovation environment makes it difficult even for 

nations to fully capture the benefits of investing in R&D.  This impediment—on top of difficult budgetary 
constraints and a lack of appreciation for the importance of technological innovation for meeting the 
challenges—reduces the national incentive to invest in R&D.  International cooperative R&D efforts can 
address this problem by sharing costs and risks and by exploiting comparative advantages in innovation 
capacity, while minimizing competitive problems to some extent by virtue of the distance between R&D 
and commercial deployment.  At the same time, the added complexity of cooperative efforts must be 
considered and kept to a minimum. 
 
Demonstration 
 

The demonstration phase typically consists of building one or more energy-technology 
manufacturing or energy production/use facilities of increasing scale to prove the technical and potential 
commercial viability of the technology.  The private sector faces substantial difficulties in conducting 
such demonstrations.  The time horizons for returns, although shorter than for R&D, are often still too 
long; the risks are—or are perceived to be—too high; the capital requirements can be large and sufficient 
capital thus difficult to obtain; the improved energy technologies may receive little or no return for 
reducing emissions or other externalities; and the pilot plants and even full-size first-of-a-kind 
commercial demonstration facilities typically cannot compete against low-margin energy commodities 
provided by conventional energy technologies.  These difficulties can be likened to rolling an increasingly 
heavy boulder up-hill (see below).  Thus, public support for demonstration is warranted as a means of 
realizing the public benefits associated with new, clean, and efficient energy technologies.   

 
In the United States, public support for demonstration has been principally provided through 

DOE by several different measures, with varying success.  Internationally, U.S. government support for 
overseas demonstrations may be warranted in cases where domestic demonstrations cannot sufficiently 
test technologies against the conditions that characterize overseas markets, or where there is little or no 
domestic market for the technology. The U.S. government could support overseas demonstrations by 
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providing technical and/or other assistance to help establish demonstration support facilities in nations 
undergoing energy-sector restructuring and to assist the activities of these facilities.  Some promising 
public-private mechanisms are discussed in more detail in the section on energy-sector restructuring 
below. 
 
Buy-Down   
 

Once a technology has been demonstrated at a potentially commercially viable scale, there 
remains a long process of building a series of such systems to scale up equipment manufacturing facilities 
and also to learn how to reduce manufacturing, system installation, and operations and maintenance costs 
to competitive levels.7  This process is described as driving costs down the “learning curve.”8  Many 
products, for instance, have costs that drop by 10-30 percent for every doubling of cumulative 
production.9   To move a new technology into the market, its higher initial costs relative to competing 
products must be covered.  As cumulative production volume increases, costs will be reduced until some 
innovative technologies become fully competitive with conventional technologies.  The process of paying 
for the difference between the cost (price)10 of a new technology and the cost of its competitors is known 
as early deployment “buy-down”—or simply buy-down—and is illustrated in Figures 3.1 and 3.2.  The 
“triangular” area under the curve in Figure 3.1 indicates the “buy-down” cost to make the product 
commercially competitive.  Small modular technologies produced in factories often exhibit particularly 
strong learning curve cost reductions and are thus good candidates for using buy-down strategies to lower 
their costs. 
 

In some industries, such as the semiconductor industry, companies will often “forward price”—
that is, initially sell the product below cost in order to increase rapidly the sales volume and drive the 
costs of the technology down its learning curve.  This allows them to reduce costs faster than their 
competitors to gain market share.  Because advanced semiconductors have greater capability than 
technologies of the previous generation, they also generally command higher prices, which reduces the 
manufacturers initial losses when they sell below cost to capture market volume.   

 
Such forward pricing is more difficult in the energy sector.  When the new technologies offer 

environmental benefits not fully valued in market prices, firms are reluctant to bear the buy-down cost 
burden.  Because energy manufacturers are competing to sell commodity energy into a highly competitive 
market, they cannot expect to capture higher values for next-generation energy technologies at market 
entry.  There are few or no high-value niche markets to sell into in order to reduce the overall buy-down 
                                                      
7 It is important to note that economies of scale and economies of learning, as described below, are two distinct 

phenomena. 
8 The “learning curve” represents a subset of the broader “experience curve” phenomenon.  The learning curve 

describes economies that can be achieved at the level of the individual firm through organizational learning—
such as improved management, workforce training and organization, and other variable aspects of the production 
process.  The “experience curve” captures, in addition to organizational learning, industry-wide improvements as 
a result of R&D and technological advance, capital, and all other aspects of reducing product cost.  “Learning 
curve” will be used here interchangeably with “experience curve” as it is the more familiar term, with the 
understanding that as used here “learning curve” encompasses the full range of potential improvements that can 
be realized through capital, labor, and technological advances. 

9 Argote and Epple (1990) 
10 Note that the reference here is to “costs” rather than “prices”.  The intent is to drive “costs” down the learning 

curve.  In practice, only “prices” are observable and may vary in the short-term independently of cost.  In 
particular, companies may forward price their product to more rapidly expand cumulative production and thereby 
more quickly drive underlying costs down the learning curve; such company efforts are desirable and should be 
encouraged in the overall buy-down process. 
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cost and those niche markets that do exist are often exceedingly difficult to tap.  For example, an 
important high-value niche market for small-scale renewable energy technologies is remote power 
applications.  Increasingly, these applications are in developing countries but are individually small and 
hard to identify, and consequently it is also difficult to develop distribution and service networks for 
them.  

 
Ideally, private firms who introduce new energy products would forward price their products in 

order to gain market share and thereby pay for "buying down" the costs of these products to market-
clearing levels.  However, a private firm will typically be disinclined to do this to the extent that is 
desirable from a societal point of view because its competitors will gain some of the benefits of its 
learning.  Together with the undervaluation of the environmental benefits offered by new clean energy 
technologies and other factors noted above, this provides a basis for public sector support for accelerating 
technology cost buy-down.  Buy-down initiatives should give priority to technologies that offer 
substantial public benefits, have steep learning curves, and for which there are reasonably good prospects 
of major market penetration after the initial support is phased out.11 
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Learning Curve for Advanced Technology

Conventional Technology
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Figure 3.1: Learning Curve and Buy-down for an Advanced Energy Technology.  
This figure shows how the cost of an advanced technology declines as the cumulative 
number of units produced increases.  Costs will often be reduced 10 to 30 percent for 
each doubling of cumulative production of the technology.  Consider the case where costs 
are reduced 20 percent per doubling (for an 80 percent learning curve), a median value 
for a large number of industries; in this instance, increasing cumulative production from 
1000 units to 2000 units will reduce costs by 20 percent; increasing cumulative 
production again from 2000 to 4000 units will reduce costs a further 20 percent.  The 
incremental cost for buying the advanced technology over the conventional technology is 
shown, and the triangular area between the curves indicates the total cost of buy-down. 

 
 

                                                      
11 Duke and Kammen (1999). 
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The Global Environment Facility (GEF), created to help pay the incremental costs for 
technologies that offer significant global environmental benefits in developing countries (see Chapter 2), 
has a relatively new program with which it is beginning to gain experience with systematic technology 
cost "buy-down" strategies—e.g., through its Photovoltaics Market Transformation Initiative.  The United 
States has strategic interests—both with respect to leverage against global economic, security, and 
environmental problems and with respect to private-sector access to overseas markets—to ensure that 
such mechanisms and institutions for buy-down are implemented more broadly and systematically in 
restructured markets.  These mechanisms and institutions, and the role the United States could play in 
establishing them, are discussed in more detail below. 
 
Deployment 
 

After a new technology has proceeded through the R&D, demonstration, and buy-down portions 
of the pipeline, it is ready for large-scale deployment.  But even if the new technology then appears fully 
"cost-effective" on paper, typically there are still significant barriers to its widespread deployment.  
Barriers at this stage include: (a) convincing potential purchasers of the technology’s advantages and 
overcoming their concerns about its risks; (b) the need for feasibility studies; (c) building a distribution 
and service network; (d) providing adequate financing for prospective users (especially important for new 
technologies that are cost-effective on a lifecycle cost basis but cost more “up front” than the technologies 
that would be replaced); and (e) overcoming transaction costs that are high relative to the monetary value 
of the project (particularly important for new, small-scale technologies for which efficient product 
distribution and service networks are not in place).   

 
Within the United States, a variety of agencies provide support aimed at overcoming some of 

these problems for overseas deployment activities, including USAID, Department of Commerce, the 
Export-Import Bank, the Trade and Development Agency, and the Overseas Private Investment 
Corporation, and to a lesser extent the Department of Energy and Environmental Protection Agency (see 
Chapter 2).  The deployment efforts of these agencies focus on supporting U.S. technology exports and 
supporting companies directly.   

 
Especially daunting in developing countries has been the challenge of providing finance down to 

the retail level, so that prospective users can get access to the credit that would enable them to purchase 
small-scale technologies.  Institutions such as the World Bank prefer to move large loans to minimize 
their transaction costs and risks, and have done relatively little to support the provision of retail finance 
for small-scale and distributed projects.  Nonprofits such as the Grameen Bank in Bangladesh have done a 
very effective job, but this model has proven difficult to widely deploy outside of Bangladesh; continued 
work to develop such mechanisms is very important.  
 
 
UPGRADING PUBLIC-SECTOR PERFORMANCE 
 

Even when the energy sector has been restructured to encourage maximum participation by 
private industry in the RD3 pipeline, significant gaps remain that must be “bridged” by the public sector 
(Figure 3.2).  Frequently, in the United States and elsewhere, these public-sector plugs have been 
haphazardly applied.  Public-sector involvement is required to realize the full extent of the public goods 
that derive from energy innovations and avoid the full range of negative externalities caused by 
conventional energy technologies.  Although the record of the public sector in helping to bring new 
technologies to market has been mixed (PCAST 97), the deficiencies in the record to this point are an 
argument for improving that participation, not eliminating it.  Developing a suitably strengthened RD3 
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pipeline will require initiatives based on public-private partnerships that have the following 
characteristics:12 
 

• effective in quickly establishing reasonably large production and market demand levels for clean 
energy technologies, allowing companies to scale up production with some confidence that there 
will be a market in which to compete; 
 

• efficient in driving down costs as cumulative production increases; 
 

• minimally disruptive of existing energy-financial systems during the transition period; 
 

• able—within available financial resources—to support a diversified portfolio of options; 
 

• easily and transparently administered and requiring minimal administrative overheads; and  
 

• temporary, with "sunset" provisions built into the commercialization incentive scheme  ab initio, 
but long enough to catalyze the desired activity.   

 
In addition, country partners in these activities should have the capacity and ability to assimilate 

new technologies into their energy infrastructure.  Relevant questions in this connection are: 
 

• Is the host country’s energy sector positioned to select the most appropriate technologies and 
introduce them in cost-effective ways that will enable their diffusion by market mechanisms? 
 

• Does the host country have in place or otherwise available to it funding mechanisms to allow it to 
participate in the RD3 process?   
 

• Are the U.S. public and private sectors in the best position to leverage the opportunities to work 
cooperatively with various host countries?  

 
The United States, as an international leader in promoting policies and practices that encourage 

market forces, has an opportunity to work with other countries to craft initiatives that would encourage 
competition as an alternative to failed centralized planning, while maintaining and strengthening the 
protection of public benefits.  Measures to protect such benefits have been built into government planned 
and/or regulated systems over past decades in response to demonstrated public needs.  These have 
included measures to reduce environmental externalities, to provide services to the poor and 
disenfranchised, to provide portfolio diversity to reduce risk of energy supply disruptions, to support 
energy R&D, and to support demonstration and accelerated deployment activities for new energy-supply 
and end-use technologies with public benefits.  Of particular interest here are measures that help support 
energy RD3 activities that address the multiple challenges posed by conventional energy systems (see 
Chapter 1).   

 
A window of opportunity exists in the next few years, while countries are reforming their energy 

sectors, to use the experiences of developing and industrial country leaders in energy-sector reform to 
promote market-oriented restructuring that makes provision for these public benefits.  This must be done 
before other, less desirable, practices are locked into place and lock out public-benefit considerations.  
The United States, which is also undergoing these changes, can itself benefit from the lessons learned in 
other countries further along in this process. 

                                                      
12 PCAST (1997) 
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It is in the U.S. national interest to promote policies and practices that rely on competition, open 

markets, and international partnerships.  U.S. companies will benefit through greater access to emerging 
markets.  Other countries will benefit from access to the highest performance, cleanest, lowest cost 
technologies available worldwide and to market competition that can improve overall system performance 
and that can lead to the reduction or elimination of state subsidies and energy-sector deficits.  Those 
countries that become involved first are more likely to become regional leaders in developing and 
deploying these advanced energy technologies.  Resulting collaborations will benefit from the technical 
and market strengths of the parties involved and the rigors of full market competition.  Establishing 
mechanisms to accelerate the development and adoption of advanced clean energy technologies will 
benefit the environment and reduce cost and risk.  Portfolio diversity can boost use of local resources and 
help reduce reliance on imported fossil fuels.  These international partnerships offer win-win 
opportunities for all involved. In what follows we describe four sets of measures for strengthening the 
foundations of international energy RD3 cooperation, shaped by the motivations and criteria described 
above.  We begin with measures to build basic capacity for energy RD3, because in some respects these 
measures underpin all the others.  We then turn to measures for shaping energy-sector reform to address 
the full range of society’s interests in it and measures to facilitate demonstration and technology cost buy-
down, and finally measures for strengthening the financing mechanisms available for the deployment of 
energy options that offer high public benefits.  
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Figure 3.2: The RD3 Value Chain and Pipeline. This figure illustrates the RD3 value 
chain, the process of scaling up demonstrations and then buying down the cost; the 
barriers to RD3, and the existing gaps in institutional coverage in the RD3 pipeline, 
particularly for demonstrations and buy-down.  Shading indicates more vigorous activity 
by the relevant institution. 

 
 



 CHAPTER 3:  Foundations of International Cooperation   

3-11 

CAPACITY BUILDING 
 
 There is solid empirical evidence that market reform is not enough—individual and institutional 
capacity building are also essential to widespread deployment of clean, efficient energy technologies in 
developing and transition countries.13  Capacity building is needed to form and staff the public sector 
institutions and research institutes that are supporting energy-sector reform and sustainable energy 
development, as well as to staff the private companies that will produce, market, install, and service new 
clean energy technologies.  All of these technology push efforts must be balanced with corresponding 
capacity building efforts on the market pull side—to identify user needs, raise awareness of means for 
meeting those needs, and train users in how to apply technologies effectively to meet those needs.  Such 
work is necessarily region specific.  It is also necessary to promote understanding of energy-economic-
development interactions among policymakers.  We therefore recommend below an initiative on building 
local capacity.   
 

Developing and transition countries require multidisciplinary expertise and training in:14 
 

• technology development, adaptation, and dissemination; 
 

• monitoring and evaluation; 
 

• the individual and institutional behaviors that promote or impede adoption of new energy 
technologies and energy-sector restructuring; 
 

• approaches for educating end-users on the benefits of new energy technologies and how to 
effectively use them; 
 

• design and introduction of financial mechanisms for dissemination of renewable and efficient 
technologies (e.g., microcredit, technology leasing, rent-to-own initiatives); 
 

• the design and management of national or regional energy systems; 
 

• assessing the impacts of energy and non-energy policies on regional and national energy systems; 
and 
 

• understanding the intricacies of energy-environment-society interactions. 
 
There are many examples of valuable U.S. support for institutions and capacity building in the 

sustainable energy area.  National energy-efficiency and/or renewable energy centers and programs have 
been established in Argentina, Brazil, China, Eastern Europe, India, and Thailand, among others (see 
boxes 3.1 and 3.2).  Almost 10,000 people from 94 countries have received training under USAID’s 
Energy and Environment Training Program over the past decade.15  Valuable capacity building and 
technology transfer programs also include the Energy Partnership Program, the Environmental Enterprise 
Assistance Fund, the U.S.-Asia Environmental Partnership, and the Technology Cooperation Agreement 
Pilot Project.16  But in various other cases U.S. assistance still tends to be too short in duration and 

                                                      
13 Chantramonklasri (1990) 
14 Kammen (1999) 
15 Jefferson Seabright, USAID, personal communication, April 1999. 
16 U.S. Department of State (1999). 
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episodic, with insufficient attention given to long-term strategic efforts aimed at market development and 
transformation, development of regional capacity for training and education, and multidisciplinary 
understanding of energy-sector design within the constraints imposed by environmental and societal 
concerns. 

 
 

Box 3.1: Brazil’s National Electricity Conservation Program 
 

Brazil’s national electricity conservation program, PROCEL, promotes end-use electricity conservation as 
well as electricity transmission and distribution (T&D) loss reduction.  PROCEL supports a wide range of projects 
in the areas of: R&D and demonstration; education and training; testing, labeling and standards; marketing and 
promotion; private sector support; and implementation projects with utilities, states, municipalities, and businesses. 

 
PROCEL began in 1986. By 1996, PROCEL was spending about $10 million on its "core projects" and 

facilitating about $40 million in low-interest loans for energy-efficiency projects (through an energy-efficiency 
financing program that PROCEL initiated).  Core funding rose to nearly $20 million per year in 1997 and 1998, with 
about $100 million in low-interest loans for major projects approved each of these years.  

 
PROCEL has had its biggest impact in the following areas: (a) increasing the energy-efficiency of 

refrigerators and freezers through testing, labeling and voluntary agreements with manufacturers; (b) increasing the 
efficiency of motors through testing, labeling, and R&D projects; (c) increasing the market for energy-efficient 
lighting technologies such as compact fluorescent lamps; (d) increasing the energy-efficiency of street lighting and 
of fluorescent lamp ballasts; (e) reducing electricity waste in industry through audits, workshops and information 
dissemination; and (f) installation of meters in previously unmetered households.  Overall, PROCEL’s cumulative 
efforts reduced electricity consumption and supply-side losses by about 2.4 TWh/yr in 1996 and 3.8 TWh/yr in 
1997.  The latter value is equivalent to about 1.3 percent of total electricity consumption in Brazil as of 1997.   
 

The electricity savings already occurring in 1997 enabled utilities in Brazil to avoid constructing about 
1,130 MW of new capacity, thus avoiding about $2.3 billion of investments in new power plants and T&D facilities.  
In contrast, PROCEL and its utility partners have spent about $170 million on energy-efficiency and power supply 
improvement projects during 1986-97.  Thus, from the utility sector perspective, PROCEL has achieved an overall 
benefit-cost ratio of around 14:1. 
 

U.S. energy-efficiency experts, with funding from USAID, DOE, and EPA, assisted PROCEL over the 
years in a number of areas including: 
• identification of energy-efficiency potential and analysis of cost effectiveness;  
• design of energy-efficiency projects and programs; 
• development and negotiation of testing, labeling and standards activities including voluntary agreements with 

equipment manufacturers; 
• policy recommendations, some of which have been accepted and acted on (e.g., adoption of a "wires charge" to 

fund utility energy-efficiency programs in the context of utility sector restructuring);   
• development and implementation of a methodology for evaluating PROCEL’s energy and peak demand savings; 

and 
• conception and preparation of a $43 million energy-efficiency loan proposal to the World Bank and 

complementary $20 million grant proposal to the Global Environment Facility. 
 

In providing this support, U.S. experts worked closely with Brazilian partners, often under the leadership of 
these partners, in order to help build strong and effective energy-efficiency institutions and efforts in Brazil.  A long-
term commitment, focus on collaboration and capability building, and patience were key to the success of this 
program. 
 
Source: H. Geller et al. (1999).  
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BOX 3.2: Energy-efficiency Centers in Eastern Europe, the Former Soviet Union, and China 
 
The centrally planned economies of Eastern Europe, the Soviet Union, and China wasted vast quantities of 

energy at their peak.  Recognizing that the transition away from central planning would be a critical time to address 
this problem, U.S. government and non-governmental agencies began creating energy-efficiency centers in these 
countries in 1990.  Centers are now operating in 6 countries (Bulgaria, China, the Czech Republic, Poland, Russia, 
and Ukraine), helping to lower energy bills, and to reduce local pollutants and greenhouse gas emissions.  These 
centers have helped stimulate a private sector business volume in energy-efficiency technology transfer valued at 10 
to 20 times the total cost of the centers themselves.  
 

The centers were provided with three years of core funding by EPA, USAID, DOE, the MacArthur and 
C.S. Mott Foundations, and the World Wildlife Fund and are staffed entirely by in-country experts.  Each center was 
required to become self-financing after three years, which each has done through a combination of contracts and 
grants from their own governments and international organizations, including private businesses.  
 

Each center provides four main services: (a) policy analysis for reform and efficiency; (b) business 
development through market conditioning and assistance to private firms; (c) training in finance and demonstrations 
of new technology; and (d) public education and outreach. 
 

The centers help make energy-efficiency business possible.  Many private firms complain that transition 
economies lack the legal, policy, and financial infrastructure that western markets enjoy—which have developed 
over many decades.  Transferring energy-efficiency technology on a scale commensurate with regional and global 
needs requires market conditioning, including steps to reform prices, eliminate supply subsidies, privatize ownership 
of industry and homes, develop codes and standards for new buildings and equipment, and develop and package 
finance for major investment projects. 
 

The centers have succeeded in policy and finance beyond most expectations. For example:  
 

• 
 New apartment buildings in six Russian cities, including Moscow, are now built according to 
standards written by CENEf, the Russian Center for Energy Efficiency. 

• 
 China is developing three energy service companies with a $200 million World Bank/GEF project, 
and is improving the quality of energy-efficient lighting with a $65 million Chinese government grant, 
thanks to BECon, the Beijing Energy Efficiency Center. 

• 
 Ukraine has invested $6 million in Kyiv government buildings and in private factories at 
Gostomel and Avdeevka to cut staggering energy costs, thanks to the help of Arena-Eco, the Ukrainian 
efficiency center.  Arena-Eco has helped develop over $100 million in efficiency financing, which now 
awaits approval. 

• 
 Poland has implemented a utility reform law that ensures independent power producer access to 
the national grid, thanks to legislation drafted by FEWE, the Polish Foundation for Energy Efficiency. 

• 
 The Czech Republic has spent $500 million to switch from coal to gas to improve efficiency and 
reduce air pollution, with the help of SEVEn, the Czech Energy Efficiency Center. 

• 
 Bulgaria is participating in the Framework Convention on Climate Change, in part due to the 
analyses performed by EnEffect, the Bulgarian Center for Energy Efficiency. 

 
Independent evaluation of the centers by the U.S. Congress Office of Technology Assessment was very 

positive.  One evaluation stated that "a strong assistance program can be a major element in helping Central and 
Eastern Europe through their present difficulties." Energy efficiency assistance will be beneficial for both the United 
States and the recipients regardless of political developments. "In particular, information programs such as the 
energy-efficiency centers, technical demonstrations, and training could be expanded".a 
 

a OTA (1993) 
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A major barrier to improved design of energy development and deployment programs is the 
paucity of data on how "on the ground" individual or institutional behaviors impede or promote these 
programs, and how the design of future projects can take into account these behaviors in order to improve 
performance.  Many energy projects have been carried out around the world; although there have been a 
number of reviews of these programs over time, there is still too little systematic external peer-reviewed 
monitoring, evaluation, and development of lessons learned.17  A few studies that begin to address this 
problem of under-reporting and analysis have recently appeared.18 
 
 We therefore propose two initiatives in this section, a "high priority initiative" on training and 
institution building and another important initiative on promoting interdisciplinary research.  Together, 
these capacity building initiatives should be funded at $20 million per year in FY2001, increasing to $40 
million per year in FY2005.  These funds should be supplemental to existing budgets for international 
energy RD3 activities and to the budgets proposed in the 1997 PCAST study of domestic energy R&D 
programs. 
 
High Priority Initiative: Building Local Capacity  
 

Goal  
 
Build local capacity in energy technology and policy RD3 in developing and transition countries. 

 
U.S. Actions 

 
(1) Increase support for existing regional centers for RD3 of sustainable energy options, and establish 

new sustainable energy centers in regions with significant need that cannot be met by other 
means; and 
 

(2) Expand existing and develop new training programs for energy analysts and managers, to include 
traveling workshops and internet-based courses and expert assistance, as well as require that in-
country technical and managerial training be a component of NGO technology demonstration and 
deployment projects supported by the U.S. government. 
 
Elaboration 

 
Training for both public and private sector staff engaged in advanced clean, efficient energy 

technology RD3 activities might be carried out at regional training institutes for these purposes.19  This 
training would emphasize the fundamentals of the technology, technology assessment, and a wide range 
of skills required for effective technology management—including both technical skills and business 
skills relating to manufacturing, project development, marketing, and plant operation, among others.  It 
would also address issues of energy system use—identifying potential user needs and training them in the 
effective application of technologies.  A training institute might be organized to specialize in a particular 

                                                      
17 The reasons for this lack of peer-reviewed or widely available material are discussed in Kammen (1997) and 

Kammen (1999). 
18 See Smith et al. (1993) on improved stoves in China, Acker & Kammen (1996) and Kammen (1996) on 

photovoltaics in Kenya, Byrne et al. (1998) on wind turbines in Inner Mongolia, and Karekezi and Turyareeba 
(1995) on improved stoves in East Africa.. 

19 STAP (1996) 
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clean energy technology.  Training institutes for prospective staff positions in companies that would 
produce, market, and install new clean energy technologies might be developed in close cooperation with 
such companies; these companies would ultimately be expected to help support these training institutes.  
Prospective trainees might be drawn from the community of applicants with good basic backgrounds in 
engineering and/or science who seek new careers relating to these areas but have little or no specialized 
skills.  In addition, courses and training in broader issues of the impacts of non-energy policies on 
national energy systems, or of energy-economy-development interactions should be offered to local 
business or government leaders whose portfolios extend beyond energy to other economic, development, 
or environmental issues.  In parallel, capacity building must be linked with real programs and projects and 
broader market transformation.  The initiatives identified in energy efficiency and clean energy supply 
thus complement this initiative. 

 
The U.S. government could support capacity building and training in transition and developing 

countries through several different mechanisms: 
 

• increased support 20 of existing advanced energy-technology centers such as PROCEL in Brazil 
(Box 3.1), energy-efficiency centers in Eastern Europe and Russia (Box 3.2), and others in 
Africa, Asia, and Latin America; 
 

• establishment of new sustainable energy centers21 in regions where there is significant need that 
can not be met by other means (with costs to be shared with the host country or region, other 
OECD nations, and multilateral or regional development banks); 
 

• required in-country technical and managerial training as a component of grants or financing 
awarded to NGOs for activities directly supporting or facilitating technology demonstration or 
deployment; 
 

• development of traveling intensive workshops and internet-based courses and expert assistance, 
spanning the full range of topics listed above (including a “train-the-trainer” component so that 
additional courses can be offered by in-country or in-region personnel). 

 
Anther Important Initiative: Interdisciplinary Research 

 
Goals:  

 
To support interdisciplinary research on technology and policy development and transfer in order 

to monitor/evaluate projects, increase knowledge of how "on the ground" dynamics work, improve design 
of the technology transfer process, and strengthen understanding of policy and institutional change. 
 

U.S. Actions 
 

Support cooperative interdisciplinary research to independently monitor/evaluate and to improve 
understanding of the dynamics of success/failure in innovative energy-sector technology and policy 
programs. 

 
Elaboration 

                                                      
20 Such support might be provided on a competitive, peer-reviewed basis in most cases, just as U.S. research and 

development institutes compete for funding. 
21 As above, such centers might be established on a competitive, peer-reviewed basis. 
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Relatively small grants provided by U.S. agencies on a peer-reviewed competitive basis could be 

used to support collaborative technology-transfer studies; these studies should be characterized by 
detailed field work and rigorous qualitative and quantitative analysis.  These grants could serve as 
annexes to existing U.S.-Government-, World-Bank-, GEF-, or UNDP-funded technology transfer, 
demonstration, or deployment projects.  Researchers must, however, be independent of the practitioners 
involved in advanced clean energy-technology RD3.  Additional requirements might include: 
multidisciplinary research teams that include researchers from both developed and developing nations; a 
competitive peer-reviewed application process detailing the research; explicit requirements for providing 
the lessons learned from the research in a constructive fashion to the groups or individuals being studied 
as well as to others doing related projects; and the publication of report(s) and peer-reviewed journal 
article(s).22 
 
 
SHAPING ENERGY SECTOR REFORM 
 
Background 
 
 Industrial countries undergoing energy-sector reform in the 1990s have generally focused on 
various combinations of privatization, unbundling, and competition.23  Similarly, developing nations have 
typically pursued four types of reform, often implemented as a package in the following sequence:24 
 

• Commercialization.  Under commercialization, governments maintain ownership of electric 
utilities but remove subsidies and preferential fiscal policies, while requiring full recovery of 
capital, operations, and maintenance costs.  
 

• Privatization.  For many nations, privatization follows commercialization, and can include the 
sale of existing facilities to private firms, the purchase of power by electricity providers from 
private power producers, and independent regulation. 
 

• Unbundling.  Nations may choose to restructure their electricity sectors by "unbundling" utilities 
into independent firms that individually provide generation, transmission, distribution, and retail 
services.  
 

• Competition.  Finally, reforms have also included competition for wholesale power and, less 
often, retail services. 

 
As noted above, this process of energy-sector restructuring fails to address important public 

benefits and other goods that the market cannot adequately provide.  These deficiencies include: 
inadequate investment in research, development, and deployment; lack of consideration of externalities in 
the pricing of energy; insufficient investment in individual and institutional energy-sector capacity; lack 
of needed diversity in energy portfolios; inadequate investments in technology buy-down; an inability to 
implement integrated resource planning and demand-side management programs; inadequate provision of 
rural energy services; and inequities with respect to energy access for the poor or disenfranchised.   

 
                                                      
22 Kammen (1999). 
23 “Unbundling” refers to the disaggregation of traditionally vertically integrated utility activities in the areas of 

generation, transmission, and distribution. 
24 Kozloff (1998), Kozloff et al. (1998) 
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Our prospective developing and transition country partners will need funding mechanisms to 
support their public interests.  An especially promising way to do this would be to create, as an integral 
part of energy-sector reform, a Public Benefits Fund (PBF), by levying a small non-bypassable 
wires/pipes charge on the sales of all electricity/gas that is produced, and use the revenues from such a 
fund to help provide the public benefits that a free market could not provide.  This approach to protecting 
public benefits has been demonstrated by Brazil (Box 3.1).  In the United States, such a fund based on a 
non-bypassable wires charge was created as an element of the recent California legislation that 
restructured the electric power industry in that State; and the Administration’s electric industry 
restructuring bill pending before Congress calls for a national PBF based on a non-bypassable wires 
charge.  Both the California and proposed Federal PBF have provisions that some of these funds would be 
used to support ERD3 activities relating to new clean energy technologies.  A possible incentive for 
establishing a PBF via a non-bypassable wires/pipes charges is discussed below (see “Debt for Public 
Benefits Fund Swap”).  Other mechanisms might also be considered, tailored for each country's needs. 

 
Possible public actions to advance public benefits where the market is deficient—and possible 

roles for U.S. involvement—include:  
 
• R,D,&D Support.  Governments might fund R&D and demonstration directly, or through use of a 

portion of a PBF or by other mechanisms.  National R&D support through a PBF or by other 
means might also be leveraged through partnerships with the United States in R&D activities 
identified in Chapters 4 and 5. 
 

• Externality Costing.  Many of the costs of energy use, particularly energy-linked national security 
concerns and local, regional, and global environmental impacts, are not typically included in 
energy prices.  It would be a serious oversight to not internalize these external costs—to “get the 
prices right”—when reforming/restructuring the energy sector, notwithstanding the technical25 
and political difficulties of doing so.  Local capacity building is needed to identify and 
approximately quantify these external costs, and mechanisms are needed to factor these costs into 
the decision process for selecting energy technologies.  These mechanisms might include 
externality taxes, feebates, cap and trade systems, regulations, and others.  If revenues are raised, 
they might be used to support public benefits, generate general revenues, or offset other taxes or 
fees.  The United States could provide technical assistance for developing methodologies to 
identify, quantify, and approximately value externalities to provide the basis for policies that 
would seek to internalize these costs (recognizing that the United States itself does not adequately 
do this.) 
 

• Capacity Building. Education and training have long been recognized as a public good.  
Technical, financial, managerial, and policy capabilities are needed for open, competitive markets 
to develop and function effectively.  Leveraged public support to develop these capabilities is 
needed and might be provided through support from a Public Benefits Fund, leveraged with 
bilateral and multilateral assistance.  Again, the United States could provide technical advice to 
support capacity building, or offer direct support for capacity building and training in cases where 
such activities would support U.S. public interests or values (as outlined in the initiatives above). 

 
• Portfolio Diversity.  An energy system based on a single or a few energy resources and systems is 

vulnerable to breakdown and disruption, with potentially serious impacts on the economy and 
                                                      
25 Because of the complexity of the processes involved and the many uncertainties, dollar estimates of externalities 

typically have wide uncertainty ranges.  For example, estimates of the health costs of small particle air pollution 
have a cost variation to within a standard deviation ranging from one-fourth to four times the median value.  See, 
for example, Rabl and Dreicer (1999), Spadaro and Rabl (1998), and Spadaro et al (1998). 
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public welfare. Competitive energy markets will not adequately invest to minimize these risks.  
With the costs of disruption spread across the economy, private firms cannot capture the full 
benefits of their investment.26  Mechanisms to incorporate diversity in the energy-sector portfolio 
are needed to hedge the risk of energy supply disruption. These could take the form of percentage 
share limits for particularly vulnerable energy resources and technologies in the energy system.  
Establishing portfolio diversity should be coordinated with mechanisms for buying down 
technology costs, such as the Clean Energy Technology Obligation discussed below.  The main 
U.S. contribution to establishing such mechanisms would be through technical advice, with 
additional measures described below. 
 

• Technology Buy-down.  As noted above, markets have inherent difficulties in buying the cost of 
a new energy technology down its learning curve. Mechanisms for technology cost buy-down are 
needed.  These could include the Clean Energy Technology Obligation mechanism described 
below. 
 

• Integrated Resource Planning and Demand-Side Management.  There is an inherent imbalance 
between developing energy supplies—where there is a focused large-scale industry with ready 
access to capital at commercial rates—and developing energy efficiency—where individual 
consumers face significant information barriers, high transaction costs, and often difficult access 
to relatively expensive capital.  Yet, energy-efficiency investments are often the most cost-
effective.  Mechanisms are needed to evaluate the opportunities for energy efficiency and to 
reduce information barriers and transaction costs for, or provide other assistance to, potential end-
users of efficient equipment.  Integrated Resource Planning (see below) done on a planning (not a 
regulatory) basis can help identify and evaluate the opportunities; Demand Side Management 
efforts can address information (labeling), transaction cost, codes and standards, and other 
barriers to the use of efficient technologies.  These could be supported through the Public 
Benefits Fund, and the United States, with significant experience in both areas, could provide 
needed technical advice. 

 
• Rural Energy Services.  Although there is a critical need for access to reliable and cost-effective 

energy supplies in rural areas, providing such access typically involves much higher 
infrastructure and transaction costs than providing energy to urban areas.  The United States and 
other industrial countries first brought energy to rural areas through large subsidies and low-cost 
loan programs.  For developing and transition countries, mechanisms are needed to provide 
energy services to rural areas in the most cost-effective ways.  The Rural Energy Concession is 
one promising mechanism for providing energy services competitively to rural areas, with 
assistance for incremental costs from a PBF or other sources (see below). 
 

• Equity for the Poor or Disenfranchised.  Energy-sector reform, and the removal of subsidies for 
energy, might leave the poor with prohibitively high energy costs.  Mechanisms are needed to 
provide needed energy services to the poor without reversing sector reform, inappropriately 
subsidizing various groups, or drawing down public funds.  The Public Benefits Fund could be 
used to help fund incremental costs; mechanisms like Rural Energy Concessions (see below) 
provide a useful model for competitively extending energy services to the rural poor, while 
capping the overall obligation and level of support.  The main U.S. contribution could be to 
provide technical advice and expertise needed to establish such mechanisms. 
 

                                                      
26 Note that some economists would argue that even with costs spread across the economy, markets left to 

themselves would be able to deal efficiently with supply disruptions, but in practice would be constrained by 
government action concerning costs and returns. 



 CHAPTER 3:  Foundations of International Cooperation   

3-19 

A different set of challenges is posed by natural gas.  Natural gas is the cleanest of the fossil 
fuels.  Wherever it is readily available in the industrialized countries, it has been widely used for domestic 
applications (cooking, domestic hot water, space heating), for providing heat and combined heat and 
power in commercial buildings and industry, and for central station power generation.  In power 
generation applications the natural gas-fired combined cycle has become the thermal power generating 
technology of choice because the electricity generated this way is highly competitive on both economic 
and environmental grounds.  Moreover, new gas liquids technology offers the promise of enabling natural 
gas to make substantial inroads in transportation and other liquid fuels markets.  Despite the attractions of 
natural gas, its use is in the embryonic stage of development in many developing countries.   
 

The private sector is fully capable of making the needed investments relating to expanded use of 
natural gas and is launching many combined cycle power projects in those developing countries that have 
some access to new natural gas supplies.  Such development efforts are sometimes constrained, however, 
by an inadequate regulatory infrastructure within the country and the “chicken-and-egg” quandary of 
developing a complete regulatory structure in advance of investment, before there is an experience base 
with natural gas development within the country. The result can be indecision, even paralysis, preventing 
the initiation of both regulatory and gas infrastructure development.27  For countries with embryonic gas 
development, there is often a lack of transparency in rules relating to pipeline investments by the private 
sector. 
 

The private sector is carrying out major projects in Latin America and other regions to bring 
natural gas from remote sources to major energy demand centers—often via pipelines that cross 
international borders.  Pipeline construction activities linking huge gas supplies in Siberia/Central Asian 
Republics/Middle East and energy-hungry, gas-poor regions of Asia and the Indian subcontinent, 
however, are inhibited by political constraints and often ambiguous foreign policies of countries that 
would be major stakeholders in large, international gas projects. 

 
 Thus, for natural gas there is a pressing need for policy reforms related to infrastructure 

development that would help accelerate the process of bringing natural gas-based energy technologies to 
the many prospective consumers. 

 
This discussion shows that a range of public policies and tools are required both to remove the 

bottlenecks that impede private-sector participation and to “bridge the gaps” in the innovation pipeline 
where private-sector investments are insufficient to meet public needs.  It is not enough to create the 
conditions for privatization and competition in restructured markets; mechanisms and policies for 
maintaining and promoting innovation (Figure 3.2), internalizing the cost of externalities, and providing 
resources for addressing the needs of the poor and disenfranchised are required as well. 

 
Obviously, a significant portion of the burden for clearing the bottlenecks and inserting the plugs 

in overseas RD3 pipelines lies with in-country governments, multilateral development banks, and other 
international institutions.  We describe them here not because we believe the U.S. government can or 
should do everything to ensure a smoothly flowing RD3 pipeline in other nations, but because a glimpse 

                                                      
27 To initiate development of the natural gas pipeline infrastructure, a State energy agency will often be charged with 

selecting a developer to undertake a project.  With this approach, each developer will find political support for its 
case and, as this evolves, a decision in favor of one developer may become, effectively, a decision against the 
supporters of other developers.  It can then become politically more comfortable to make no decision rather than 
any decision.  Governments without prior experience with gas infrastructure may also find it difficult to make 
decisions regarding pipeline franchises and pipeline economic regulation, as well as providing information to, 
access for, and negotiating production contracts with the private sector.  
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into the complexity of the innovation process and the required flexibility of public-sector policies and 
institutions provides a context for the U.S. actions recommended in this chapter. 

 
Two clusters of initiatives are described below to meet these sector reform and innovation 

pipeline needs: the Energy Sector Reform Initiative, and the Demonstration and Cost Buy-down 
Initiative.  Because energy-sector reform involves so many different players along the whole spectrum of 
the ERD3 pipeline, the initiatives we present below, while treated as “separable” objects, should be 
viewed as a cluster of actions, each of which is important—but not sufficient in the absence of the other 
actions—to spur adequate reform. 
 
High Priority Initiative: Assistance for Energy Sector Reform 
 

Goal 
 

To support and shape energy-sector reform and restructuring in developing and transition 
countries—moving towards open, competitive markets with improved financial performance—while 
retaining incentives for energy-technology innovation that addresses public goods and externalities.   
 

U.S. Actions 
 

(1) Provide technical and policy advice—including through direct provision of personnel to the 
relevant partner-country organizations or through multilateral institutions—to countries 
considering or undergoing energy-sector reform, with emphasis on: (a) “getting prices right” 
through elimination of price controls and subsidies for conventional energy sources and through 
internalizing environmental costs; and (b) creating Public Benefits Funds (PBFs) to provide 
resources for advancing public benefits in the restructured energy sector—with funds raised 
through non-bypassable wires/pipes charges or by other means, including initial support from 
debt swaps in appropriate cases (see below). 

 
(2) Provide technical and policy assistance in establishing evolutionary regulatory frameworks for 

natural gas grids, beginning with simple pipeline systems linking large gas producers with large 
users and growing into grids serving a much wider range of producers and consumers.28 

  
 The Energy Sector Reform initiative should be funded at $20 million per year in FY2001, 
increasing to $40 million per year in FY2005.  These funds should be supplemental to existing budgets 
for international energy RD3 activities.  These funds do not include support that could be provided for 
initiating PBFs through debt swaps, as discussed below. 
 
  Elaboration 

 
The challenge of rapidly deploying new energy technologies is most acute in developing 

countries, where energy-sector growth is often high and energy-sector institutions face serious financial, 
technical, and managerial challenges—even in the absence of energy-sector restructuring and a shift 
towards commercial terms and markets.  Technical and policy support is urgently needed in support of 
sector restructuring as efforts go forward in Africa, Asia, and Latin America.29 
 

                                                      
28 The main regulatory concern associated with initial pipeline projects is to ensure that these projects are formulated 

in ways that do not inhibit their eventual evolution into grids that serve wide ranges of suppliers and consumers. 
29 See: e.g. Albavera (1995); ESMAP (1996); Girod and Percebois (1998); Gray (1995); World Bank (1998a). 
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Restructuring activities are currently being carried out by a variety of institutions with assistance 
from USAID and the multilateral development banks.  In some regions, such as Latin America, a few 
countries have made substantial progress in reforming their energy sectors (Figure 3.3).  But many 
developing countries have not yet begun energy-sector reforms and will require substantial technical 
assistance to begin commercializing and privatizing their energy-sector institutions. Other countries that 
have begun the process now wish to deepen their reforms and move toward retail competition in energy-
supply markets. Still others (e.g., Mexico) have addressed lingering political and institutional concerns 
and now simply wish to begin.  In many cases, these efforts are not adequately addressing the issue of 
public benefits and are particularly ignoring the critical issue of technology innovation. 

 

* Panama

* Jamaica
* El Salvador

* Ecuador
* Guyana
* Costa Rica
* Haiti
* Paraguay
* Uruguay
* Venezuela

* Belize
* Brazil

* Mexico
* Honduras

* Dominican
Rep.

* Colombia
* Argentina

* Bolivia * Chile

* Peru

High

High

Low

Low

C
om

p
et

it
io

n
 a

n
d

R
eg

u
la

to
ry

 R
ef

or
m

Privatization

* Guatemala
* Trinidad

 
Figure 3.3: Status of Power Sector Reform in Latin America. 

Source: Karl G. Jechoutek, World Bank, personal communication to PCAST, October 30, 1998. 
 
 
The energy-sector reform efforts in developing and transition countries that are supported by the 

United States through USAID and the regional development banks30 should include public benefits and 
support for innovation.  Representative components of such a package are described above and in Table 
3.1.  Technical advice for establishing programs and mechanisms could and should be offered for all of 
the components listed in Table 3.1.  In addition, some elements in Table 3.1 warrant support beyond 
technical and policy advice; these are treated in more detail below.    

 
Technical and policy support for these sector reform efforts can be provided through workshops, 

training, analytical and technical studies, the placement of experts in appropriate institutions in partner 
countries, facilitating north-south and south-south exchanges, and other mechanisms.  Such efforts by 
USAID have played an important role, for example, in sector reform activities in Central America31 and 

                                                      
30 For a discussion of restructuring activities and environmental considerations, see World Bank (1998a). 
31 USAID (no date). 
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USAID’s Energy Partnership Program is actively engaged in pairing U.S. energy regulators with 
counterparts in developing countries (Box 2.1).  Tapping state as well as federal expertise is important, 
because many of the ongoing energy-sector reforms in the United States are taking place at the state level.  
 
 

Table 3.1: Representative Mechanisms for Incorporating Public Benefits 
 
Mechanism Description/Discussion U.S. Action 

Energy-
Sector 
Reform 

Energy price rationalization, privatization of energy firms, 
unbundling of energy activities, introduction of wholesale/retail 
competition.  Reform should include establishment of mechanisms or 
institutions that advance ERD3 and other public benefits, as below. 

Technical advice 
Leveraging activities of 

multilateral 
development banks 

Externality 
Costing or 
Controls 

Internalization of externalities through technology/fuel taxes, 
feebates, cap and trade systems, regulation, or other approaches to 
incorporate externalities in energy decision-making 

Technical advice 
 
 

Public 
Benefits 
Fund 

Established as part of restructuring through a nonbypassable 
wires/pipes charge, as done by Brazil (Box 3.1), or by other means.  
Establishment could be facilitated by debt for public benefits swaps.  
Funds could be used for ERD3, capacity building, IRP, DSM, 
technology cost buy-down, rural concessions, equity for the poor, etc.  
Competition, rigorous budgeting processes, or other mechanisms 
should be established to ensure effective use of the funds. 

Technical advice 
 

Debt for 
Public 
Benefits 
Fund Swap 

For highly or moderately indebted nations, a portion of debt payment 
under debt relief could be directed towards establishment of a Public 
Benefits Fund, with agreement that other mechanisms would continue 
Fund support after the debt is forgiven.  

Debt relief 
 

Demonstra-
tion Support 
Facility 

Mechanism for carrying out in-country demonstration projects.  
Demonstrations to be funded from GEF, PBF, energy production tax 
credits for qualifying U.S. firms/projects, other public/private funds. 

Technical advice 
Energy production tax 
credits. (see below) 

Portfolio 
Diversity  

To reduce system vulnerability to a supply disruption, percentage 
share limits could be specified for vulnerable energy supplies.  
Should be coordinated with CETO. 

Technical advice  
CETO (see below) 

Clean Energy 
Technology 
Obligation 

Competitive mechanism for launching qualifying clean energy 
technologies in the market and buying their costs down their learning 
curves in a systematic manner.  Incremental costs could be paid by 
GEF, host country PBF, and other public/private support. 

Technical advice 
Encouragement of GEF 

participation 
(see below) 

Integrated 
Resource 
Planning 

Analytical work to identify mix of energy supply/demand resources 
to meet energy service needs at the lowest cost as a policymaking aid; 
often used to identify underutilized energy-efficient technologies. 

Technical advice 
(see below) 

Demand Side 
Management 

Mechanisms to lower market barriers to use of cost-effective energy-
efficient technologies, some of which are described in Chapter 4. 

Technical advice 

Rural Energy 
Concessions 

Competitive mechanism for providing rural energy services, often 
with PBF support. 

Technical advice 
(See Box 3.3) 

 
 
 “Getting prices right” requires the elimination of price controls and subsidies for conventional 
energy technologies, and also the inclusion of the external costs—such as environmental impacts, national 
security impacts, and others—of conventional energy use.  A number of U.S. states consider 
environmental costs in their electricity sector planning, either qualitatively or quantitatively,32 and 

                                                      
32 OTA (1995). 
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although the United States overall does not adequately internalize externalities, there is considerable U.S. 
technical and policy expertise that can be tapped to assist other countries in this area.  Support for 
identifying, measuring, valuing, and costing externalities could be provided, being careful to not let the 
numerous uncertainties paralyze the process of establishing approximate costs. 
 

Externalities can also be internalized through "cap and trade" systems where a cap is placed on 
overall emissions, within which permits for emissions can be traded.  Based on the success of this 
approach for controlling SOx emissions in the United States, U.S. agencies such as USAID and EPA 
should help developing countries that are interested in setting up similar emissions cap and trading 
schemes or other approaches; EPA, for example, signed in April 1999, a Statement of Intent to work with 
China in this area.  Accurate emissions monitoring is critical to the success of such policies, and 
developing countries often falter with respect to implementation of environmental regulations. Thus, U.S. 
assistance and expertise could be particularly valuable in helping to establish and implement emissions 
monitoring and verification programs.  In addition, U.S. specialists could assist with implementation of 
more conventional emissions standards programs, including efforts to establish output-based emissions 
standards (i.e., grams per kWh output rather than per MJ of fuel input).  This approach would encourage 
efficiency improvements in power generation.  In all of these efforts, particular emphasis should be 
devoted to encouraging and supporting policies that will speed up the introduction of inherently clean 
energy technologies. 
 
 Establishing Public Benefit Funds can provide financial resources for advancing public benefits 
(see Table 3.1).  As noted above, a PBF can be created by levying a small nonbypassable wires/pipes 
charge on all sales of electricity or gas, as done in Brazil and California.  The U.S. could in some cases 
assist the establishment of a PBF by providing Debt Relief, as discussed below.   
 
 Mechanisms for clean energy technology demonstration, cost buy-down, and deployment efforts 
should be incorporated in policies for the reformed and restructured energy sector.  These are listed in 
Table 3.1.  Demonstration and buy-down are discussed further below under the Demonstration and Cost 
Buy-down Initiative.  For deployment, a discussion of Integrated Resource Planning is provided below, as 
is an example of a Rural Energy Concession (Box 3.3). 

 

BOX 3.3: Argentinean Concessions For Rural Electrification 
 

As part of its electric industry restructuring activity that is privatizing the power sector, the Argentine 
government has created an electricity concession market for 1.4 million heretofore unserved rural inhabitants, as an 
alternative to the conventional—and costly—approach of extending the existing electricity grid to remote areas.  
Competing firms bid on the right to provide energy services to a rural region; the winning bid is that which seeks the 
lowest government subsidy per energy hookup providing a fixed minimum level of energy service.  The winning 
firm then provides electricity services to dispersed rural residences and public facilities (e.g., schools, medical 
centers, drinking water services, etc.) with the least costly of available energy technologies (e.g., PV panels, small 
wind mills, hydraulic microturbines, and diesel-driven generators).  In these concessions, renewable technologies are 
often found to be competitive with diesel generators, and it is likely that a large share of residences will receive 
power from household photovoltaic or small wind systems.  
  

The total investment for the Argentinean program is $314 million, which will be financed by fees paid by 
private users ($142 million), subsidies from already existing funds managed by provincial states ($75 million), and 
national subsidies ($97 million), including support from GEF. 

 
A regulatory framework is needed to guide natural gas pipeline infrastructure development.  The 

United States can provide technical, financial, legal, policy, and regulatory advice in this area in order to 
lay the foundation for rapid development of natural gas.  (TDA, for example, hired a U.S. law firm to 
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provide legal assistance to Vietnam to help them negotiate pipeline contracts; Vietnam was hesitant to go 
forward without such assistance because they lacked experience in this area.  This broke a negotiations 
logjam, allowing regulatory development and associated pipeline contract negotiations to go forward.33)  
Finally, this initiative would support analysis of energy-sector reform and restructuring around the world, 
identifying key lessons for consideration in the United States as this country also undergoes reform and 
restructuring. 
 

Elaboration: Debt Relief and Energy-Sector Restructuring 
 
Debt relief could be awarded to nations undergoing adequate energy-sector restructuring, with 

some debt "savings" used to establish Public Benefits Funds.  High levels of debt reduce the abilities of 
poor countries to invest in sustainable economic development, educate their citizens, reduce poverty, 
manage natural resources, and mitigate environmental degradation.  Fourteen nations—home to about 440 
million people—have a net present value (NPV) of debt that is greater than national annual GNP; the 
average per capita purchasing power parity (PPP) in these nations is about $1100 (U.S.).  An additional 
16 nations with 670 million citizens have an NPV of debt that is between 50 and 99% of national annual 
GNP; the average PPP in these nations is just $3,700 per capita (U.S.).34 
 

In September 1996, the World Bank and the IMF launched an initiative to secure debt relief for 
the Heavily Indebted Poor Countries (HIPC) that pursue economic and social policy reforms.  All 
creditors, including multilateral financial institutions, are participating in the initiative, but only Uganda 
and Bolivia have received substantial benefits under the program to date.35  President Clinton has 
unveiled a proposal to extend this initiative by more than tripling the amount of debt that would qualify 
for forgiveness under the HIPC initiative.  
 

Limited debt relief could be used to initiate Public Benefits Funds under energy-sector 
restructuring.  Under the HIPC initiative, the debt-relief schedule calls for a six-year period between 
initiation of reforms and forgiveness of debt.  Debt payments (or a fraction of debt payments) for 
qualifying nations could instead be diverted to a PBF during that ‘probationary’ period.  
 

Establishment of PBFs through debt-relief mechanisms could also be extremely beneficial in 
moderately indebted nations (those that don’t currently qualify for participation in the HIPC initiative, but 
are suffering significant debt burdens nonetheless).  Many of these nations are rapidly developing and 
have reasonable energy and education infrastructures, which makes them compelling theaters of 
innovation and attractive as innovation partners.   In these countries, debt-service payments for a portion 
of the national debt could be diverted to PBFs for a finite period, after which that portion of the debt 
would be forgiven. 36   
 

These payments—whether from highly or moderately indebted nations—would be used only to 
establish a PBF; wire charges or other mechanisms for maintaining the fund would have to be established 
(within some specified period of time) before debt would be forgiven.  A debt-relief/PBF program should 

                                                      
33 Joseph Grandmaison, Trade and Development Agency, Personal Communication to PCAST International Energy 

Panel, Nov. 20. 1998. 
34 Economic and population statistics from World Bank (1998), average PPP per capita are weighted for population 

size.  
35 More information is available at http://www.worldbank.org/html/extdr/hipc/pb-hipc.htm.  Note that the HIPC 

countries are determined by debt-to-export ratios (on a net-present-value basis). 
36 There would be several other compelling options for such diversions, including education, poverty reduction, or 

capital investment funds. 
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be limited to nations beginning or undergoing energy-sector restructuring; such programs could also be 
tied to larger economic reforms.  
 

The U.S. government should pursue such debt-relief measures in cooperation with other creditor 
nations and multilateral financial institutions. The costs of this program would depend on: (a) the number 
of nations eligible for the program based on their level of indebtedness and their ability and willingness to 
undergo energy-sector restructuring; (b) the required size of the PBF initiation funds, and thus the portion 
of debt to be forgiven; and (c) the current value of that portion of the debt.  Table 3.2 gives an indication 
of the cost of a debt-relief/PBF program in some representative nations. 
 
 

Table 3.2: Indicators of Debt and Possible Debt for PBF Swaps 
 

 Brazilc China Indonesia Philippines Malaysia India S. Africa 

Total Electricity Generation in 1995 (TWh/y)  

 265 887 60.4 25.7 42 398 164 

Debt-equivalent value of 1 mill/kWh PBF, assuming a 10 percent discount rate (billion $) 

 2.6 8.9 0.6 0.25 0.42 4.0 1.7 

External debt, total and as percent of GNPb 

TOTAL 
(billion $) 

179 129 129 41 40 90 24 

As percent 
of GNP 

26 17 64 51 52 22 18 

Debt forgiveness for 1 mill/kWh PBF as percent of total debt 
 1.5 6.9 0.45 0.6 1.0 4.5 6.9 
(a) IEA, International Energy Annual 1995 
(b) World Bank, World Development Report, Knowledge for Development, 1998/99.  Oxford University Press 
(c) Note that these countries do not necessarily currently qualify for debt relief under either the World Bank’s “Heavily 

Indebted Poor Countries” Debt Initiative, or President Clinton’s proposed extension of that program. We include these 
countries here to indicate possible costs of a debt relief program;  such a program could extend only to HIPC nations or be 
structured to include partial debt relief for other nations. 

 
 

Elaboration: Integrated Resource Planning  
 

Integrated resource planning (IRP) is a process whereby a planning authority identifies and helps 
pursue the mix of supply and demand-side resources that meet energy service needs at the lowest cost.37  The 
objective is to maximize services such as heat, light, refrigeration, and motive power—not energy per se—
per dollar invested.  When least-cost energy services are identified that are not being taken advantage of, 
mechanisms can be instituted to help capture them.  IRP assessments can be supported by funding from the 
PBF or by other means.  IRP has been successfully applied in many portions of the United States.  For 
example, IRP led to energy-efficiency investments of well over $1 billion by utilities in the Pacific Northwest 
during 1980-95, resulting in 8 TWh per year of electricity savings by 1995 at an average cost of 2 to 2-1/2 
cents per kWh saved.38  
 
 
                                                      
37 NARUC (1988) 
38 Ogden (1996) 
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 For capital-starved developing countries where energy services are undersupplied, an integrated 
resource planning perspective can be very valuable.  IRP studies have helped to guide policymakers to 
increase support for end-use energy-efficiency efforts in Brazil,39 India, and Sri Lanka40.  In developing and 
transition countries pursuing utility privatization and increasing competition in electricity generation, IRP can 
direct planners, regulators, and utilities to the largest, most cost-effective energy savings opportunities.  
Besides direct costs, environmental and social costs associated with different energy resource options can be 
included in IRP studies. 
 
 IRP studies can be done by energy ministries or state energy agencies, utility regulatory commissions 
that are now being set up in numerous developing countries, or utilities themselves where electricity supply is 
still a monopoly.  In countries where market reforms are in place, IRP studies can be used as a complement to 
competition in determining the appropriate mix of technologies, by identifying those low-cost options that are 
not yet being selected by the market due to various market barriers that inhibit their selection (see Chapter 4).  
Such studies can be used as a basis for developing programs aimed at overcoming these barriers. 
 
 U.S. agencies such as USAID and DOE that are assisting developing countries with regulatory 
reform and utility sector restructuring should promote use of an IRP perspective and assist LDCs in 
implementing IRP.  Likewise, the United States should use its influence with the World Bank and regional 
development banks to have these organizations actively promote IRP in their sector reform efforts.  The 
United States has considerable expertise and experience in this area.  With a few million dollars of planning 
support and assistance, U.S. agencies and experts could help developing countries expand energy services 
and save billions of dollars in doing so.  
 
High Priority Initiative: Demonstration and Cost Buy-down Mechanisms 
 
 Goal 
 

To facilitate the demonstration, in foreign contexts, of advanced energy technologies with significant 
public benefits and to provide the means to “buy down” to competitive levels the costs of technologies in 
this category that have learning-curve characteristics making this practical.   
 
 U.S. Actions 
 

(1) Assist in establishing a Demonstration Support Facility (DSF), preferably at the Global 
Environment Facility (GEF), to provide a framework for clean energy demonstration projects that 
would attract support from the private sector as well as from various public-sector sources 
(including the GEF and PBFs or government grants in host countries); 
 

(2) Award energy-production tax credits to U.S. firms participating in demonstration projects that are 
carried out under the DSF and that meet approved criteria (including being formulated so as to 
not conflict with U.S. opposition to tied aid); 
 

(3) Assist in establishing a Clean Energy Technology Obligation (CETO), preferably at the GEF, that 
would use competitive instruments (such as the auction based Non-Fossil-Fuel Obligation of the 
United Kingdom or the Renewable Portfolio Standard in the United States41) to "buy down" the 

                                                      
39 Geller (1991) 
40 Padmanabhan (1999) 
41 The Renewable Portfolio Standard is currently under consideration at the federal level in the United States. 
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costs of targeted innovative technologies with incremental cost support provided by the GEF and 
by the host country through PBFs or government grants. 

 
Funding for this cluster of initiatives is recommended at $40 million in FY2001 increasing to $80 

million in FY2005.  The funding levels for these activities are particularly difficult to estimate, because 
the level of U.S.-sponsored financing that might be required for such activities is dependent on 
technological progress, actions taken by foreign or multilateral institutions and especially the role of the 
GEF in supporting these mechanisms, and other factors.  If demonstration and buy-down efforts are 
primarily undertaken bilaterally by the United States, higher funding levels would be needed than if done 
multilaterally. 
 

Elaboration: The Demonstration Support Facility 
 
A formal mechanism, a Demonstration Support Facility (DSF), could be established within the 

Global Environment Facility to support private-sector sponsored, pre-commercial demonstrations of clean 
and efficient energy technologies.  The U.S. should strongly encourage the GEF to undertake this mission 
and could provide technical and policy advice in support.  If the GEF does not establish a DSF, the United 
States should provide advice and bilateral support for establishing DSFs within individual countries 
undergoing reform.42   The United States could also award energy production tax credits to U.S. firms 
participating in qualifying demonstration projects carried out under GEF organized or host-country DSFs.  
These credits would be formulated to ensure that they did not conflict with U.S. opposition to tied aid.  
Finally, direct domestic support for demonstration projects of appropriate clean energy technologies could 
be expanded through DOE (see PCAST 97), if such expansion is warranted because of lack of activity in 
GEF or host-country DSFs. 
 

Regardless of which of these or other demonstration mechanisms are used, criteria should be 
established for demonstrations of clean energy technologies covering energy-efficiency/conservation, 
renewable/distributed energy resources, advanced clean fossil energy technologies, and advanced nuclear 
technologies, and bids for these projects should be solicited.  

 
Criteria for projects should include: (a) the technology to be demonstrated must be a clean energy 

technology (CET) that meets pollutant and greenhouse gas emissions, liquid and solid waste, and other 
environmental requirements, safety requirements, and national security (including energy security and 
proliferation resistance) requirements, and can potentially meet cost targets; (b) the demonstration must 
be a first-of-a-kind plant (but CETs already demonstrated elsewhere that must be modified to conform to 
host country conditions would qualify); (c) demonstrations must be of technologies that are of near-
commercial scale or on a clear path to quickly reach that level; (d) the technology should have good 
prospects for wide replication if the demonstration project is successful.   

 
Consortia of public and private institutions in one or more countries could submit proposals in 

response to these solicitations (solicitations could be tailored to ensure that small businesses as well as 
larger firms would be able to participate in these projects).  Projects should be led by private-sector 
participants, and winning proposals would have to include business plans for deployment follow-up to 
successful demonstration.  These business plans should indicate levels of support that might subsequently 
be needed for “buy-down” and estimate market potential following demonstration and buy-down in 
relation to public-sector support that might be required for demonstration and buy-down. 

 

                                                      
42 Individual demonstration projects have also been carried out on a bilateral basis, such as the EPA and DOE CFC-

free Super-Efficient Refrigerator project with China (Fulkerson et al. 1999). 
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Project financing would be divided into base costs and incremental costs.  The base cost is the 
part of the total project cost that would make the project fully cost-competitive today if the incremental 
cost were zero.  Base costs would be financed by the private-sector participants, with partial World 
Bank/IFC financing as appropriate.  There would be at least four public-sector contributions to support 
qualifying demonstration projects that involve U.S. firms: the GEF would contribute to incremental cost 
associated with climate change benefits; the host-country’s PBF would make a contribution to advance 
host country interests; the United States would contribute via production (not investment) tax credits to 
participating U.S. companies; appropriate U.S. agencies would provide technical support for studies and 
ancillary R&D.  The total public-sector contribution should be the lesser of the non-economic part of the 
project or some appropriate specified percentage (e.g., 50%).   
 

A substantial expansion of activities to demonstrate emerging clean energy technologies is 
needed to expand the portfolio of technologies available to deal with the economic, environmental, and 
security problems posed by conventional energy technologies.  Support for overseas demonstrations 
would ideally come from existing international institutions, such as the Global Environment Facility 
(GEF).  Under its Operational Program Number 7 the GEF is able to provide grants to pay for the 
incremental cost for demonstrations of emerging technologies that offer climate change benefits (see 
Chapter 2).   To date, however, the GEF has had limited experience with demonstrations.   Its experience 
is primarily with a biomass integrated gasifier combined cycle power project in the Northeast of Brazil, 
with several others in preparation.  (This demonstration project has multiple sources of investment 
support, including equity contributions from the private-sector partners, a World Bank loan, plus a GEF 
grant to cover the incremental cost relating to climate-change benefits.)    
 

The activities of the GEF relating to demonstration should be greatly expanded.  One way to 
expand the resources available for demonstrations within the GEF would be to reallocate existing 
resources.   The GEF has identified two categories of projects that qualify for ‘incremental cost’ funding.  
The first category involves technologies that are apparently fully cost-effective but whose deployment in 
the market is inhibited by high transaction costs and other institutional barriers; Operational Programs 5 
and 6, relating to energy efficiency and renewable energy, are of this nature (see Chapter 2).  The second 
category, supported under Operational Program 7, involves new technologies that offer the potential for 
large GHG emissions reduction, are not yet cost-effective, but have good prospects for becoming cost-
effective if they can be successfully demonstrated and if costs can subsequently be reduced to market 
clearing levels with accumulating experience via appropriate technology cost "buy-down" mechanisms.  
More demonstration and technology cost buy-down projects (the second category) could be funded under 
GEF’s existing budget if the World Bank supported activities now under Operational Programs 5 and 6.    
The World Bank should take these activities on, as discussed below under Finance, but in doing so there 
should be a careful hand-off of program activities between GEF and the World Bank to ensure that these 
important activities are not inadvertently dropped.  The U.S. Government should encourage the World 
Bank to take on these activities, then allowing a significant expansion of GEF’s demonstration 
activities—perhaps through establishment of an international, GEF-sponsored DSF as a formal 
mechanism established under Operational Program 7. 
 
 In the absence of an increase in demonstration activities through GEF, the U.S. government 
should provide technical advice to enable the establishment of domestically supported Demonstration 
Support Facilities in developing and transition countries undergoing energy-sector restructuring.  
 

The U.S. government could award production tax credits to U.S. firms participating in 
demonstration projects carried out under DSFs.  To qualify for the tax credits, Treasury must approve of 
the qualifying-technology and team criteria established for the DSF, and the project must meet other 
relevant U.S. Treasury criteria as well (e.g., provisions for small-business participation) and should not 
explicitly or implicitly counter other considerations such as U.S. opposition to tied aid.  In addition, the 
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DOE should provide technical support relating to qualifying demonstrations, for studies and ancillary 
R&D. 
 

If the efforts of the GEF and overseas DSFs are insufficient to allow reasonable U.S. firm 
participation in international demonstration projects, the U.S. government should consider expanding 
direct support for such activities through increased DOE and USAID funding.  Support for international 
demonstrations should, however, be limited to either those technologies that have already been 
demonstrated in the United States, but which must be reshaped to conform to developing or transition 
country conditions, or technologies for which there is no significant market in the United States (e.g., 
small-scale [< 500 kW] biopower technologies that would be too labor-intensive to be viable in U.S. 
markets).   
 

Elaboration: The Clean Energy Technology Obligation 
 

The most serious gap in the innovation pipeline (Figure 3.2) is the lack of a mechanism to buy 
down the cost of an innovative clean energy technology to competitive levels.43  Mechanisms for 
technology cost buy-down should be included in energy-sector reforms. 
 

In some industrialized countries where energy-sector restructuring has or is taking place, this 
challenge is being addressed by creating, in ways that are consistent with the general principles of 
restructuring, small guaranteed markets to help launch new energy technologies.  In these programs, 
prospective providers of qualifying energy technologies compete for shares of these markets.  Examples 
of such programs are the Renewables Non-Fossil Fuel Obligation (NFFO) in the United Kingdom and the 
proposed Renewable Portfolio Standard (RPS) in the United States (Box 3.4). 

 
This Panel proposes—as a key element in energy-sector reform in the host developing or 

transition country—a Clean Energy Technology Obligation (CETO) for accelerating deployment of 
promising new commercially-ready CETs targeted for deployment in partnership with the U.S. and/or 
other industrialized country partners, when the prices for these CETs are above market-clearing levels.   
The CETO would use competitive instruments to launch in the market over a specified period of time 
(~5-10 years) specified capacities for those CETs targeted for deployment.  CETO competitions would be 
organized by guaranteeing markets sufficiently large that CET manufacturers will expand production 
capacity to levels where economies of manufacturing scale can be realized, and there is opportunity for 
reducing costs significantly by advancing along learning curves.  Such market guarantees should be 
provided only if bid prices do not exceed specified ceiling prices.  Markets offering high value for CET-
generated energy would be identified to minimize the subsidies needed for CET cost buy-downs. 
 

CETO competitions could be organized in various ways, such as the NFFO or the RPS.  If 
modeled after the NFFO, the CETO would involve a series of auctions to buy down the costs of specified 
quantities of targeted CETs (See Figure 3.5), exploiting the phenomenon that technology costs tend to 
decline as technologies advance along their learning curves (Figure 3.6).  CETO would differ in two 
important respects from the British NFFO or the American RPS.  First, the CETO would include a range 
of qualifying CETs that offer major environmental benefits—e.g., coal IGCC cogeneration or 
trigeneration systems (see Chapter 5), as well as renewable or energy-efficiency technologies, or others 
might be included.  Second, unlike the NFFO or the RPS, in which the incremental cost of buying down 
the technology cost is fully paid for by energy consumers in the form of a small increase in the energy 
price, only part of the incremental cost for CET cost buy-down under the CETO would be paid for by 

                                                      
43 As this report was in press, the GEF Council endorsed a note proposing strategic partnerships for renewable 

energy including various financial mechanisms, simplified approval processes, supporting policy and regulatory 
frameworks, and others to accelerate cost buy-down of renewable energy technologies (World Bank, 1999). 
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host-country consumers (in the form of a contribution to the PBF).  For CETO, part of the incremental 
cost that represents climate change benefits would be paid for from an international fund—both because 
these benefits are global rather than national, and because resources for long-term investments are scarce 
in developing and transition countries.   
 

 

Box 3.4: Market Transformation Initiatives and the Restructuring of the Electric Industries 
 
The propensity of the private-sector to underinvest in the commercialization of advanced clean energy 

technologies (CETs) under the competitive market conditions to which the electric industry is evolving is widely 
recognized in the policy debates in those industrialized countries where energy-sector restructuring is well 
underway.  There, new market transformation initiatives that would promote the advancement of such technologies 
are being given close scrutiny as key elements of policies to regulate the transition to a more competitive electricity 
market.  Examples of such regulatory measures aimed at launching renewable technologies in electric markets 
while making maximum use of market forces in finding the most economically efficient ways to do so are the 
Renewable Portfolio Standard (RPS) in the United States and the Renewables Non-Fossil Fuel Obligation (NFFO) 
in the United Kingdom. 

 
In the United States, various states are experimenting with an RPS, which is also a provision in various 

electric industry restructuring bills pending before Congress.  An RPS requires that each electricity supplier provide 
a specified percentage of total sales as renewable electricity; each supplier must either generate this renewable 
electricity or purchase tradable renewable energy credits from others who produce more than the required amount.  
The specified percentage would typically increase gradually over time until some target date (e.g., to 7.5 percent 
non-hydroelectric renewables for 2010-2015 in the Administration’s electric industry restructuring bill) and 
subsequently would be phased out.  

 
Under the Renewables NFFO, launched as part of the 1989 Electricity Act that privatized the electric 

power sector, the UK government mandated that 1,500 MW of renewable electricity supplies will have been 
purchased by electric utilities by the year 2000 in a series of auctions.  The NFFO and some variants of the RPS 
specify separate financing packages (tranches) for different technology subclasses so that a portfolio of 
technologies is advanced. 
 

Both measures offer the potential for stimulating price convergence between renewable and conventional 
electric-generating technologies several ways.  First, the mandating of specified volumes for capacity purchases 
makes possible cost-cutting via learning and experience [e.g., costs typically decline as function of cumulative 
production (see Figure 3.1)].  Second, the announcement at the beginning of the program of increasing mandated 
purchase volumes over time increases the confidence of vendors to expand production capacity over time, thereby 
gaining economies of scale.  Third, the use of auctions introduces a strong competitive element into the process that 
will also tend to drive down costs.  The power of such mechanisms in stimulating cost convergence is reflected by 
the Renewables NFFO experience: the average bid price declined two-fold over the series of four auctions to date 
(Figure 3.4).  In both cases the incremental cost of “buying down” the cost of the new technologies is borne by all 
electric ratepayers, but the cost is small (e.g., in the case of the Renewables NFFO an increase in the electricity 
price since 1990 of 0.5 percent or less). 

 
The CETO should be limited to those technologies that offer major environmental benefits, have 

steep learning curves (see Figure 3.6, for example), and have good prospects for becoming widely 
competitive in the not too distant future under market conditions after subsidies are removed.44  Two 
concerns that warrant close scrutiny in designing a CETO: (a) the need to minimize the risks of “picking 
winners”—that is, prematurely narrowing options outside of competitive forces—and (b) the need to 
focus resources in favorable theaters for innovation.   
 

                                                      
44 Duke and Kammen (1999) 
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The “picking winners” concern can be dealt with in part by designing a CETO that promotes a 
diversified portfolio of CETs, with limits on the total subsidy available for any particular CET.  As 
pointed out by the previous PCAST Energy R&D Panel, there is a wide range of promising CETs that are 
small and modular, so that diversified portfolios can be constructed for which the aggregate buy-down 
costs should not be prohibitively high.  In addition, the portfolio mix could be adjusted over time to 
eliminate support for those technologies for which experience in the cost buy-down process shows lack of 
promise for continuing cost reduction.    
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Figure 3.4: Reduction In The Price Of Power Offers Under The United Kingdom 
Non-Fossil Fuel Obligation (NFFO).   Note that overall consumer prices increased by 
0.5 percent or less under the NFFO.  Source: Power in Europe, February 1997. 
 
 
 
CETO competitions should be carried out where the prospects for success in the innovation 

process are high.  Because technology successfully launched in the market in one region will often 
subsequently diffuse to other regions, favorable conditions for CETO-like activity are often needed only 
somewhere in order to establish CETs in the market.  Of course, even after costs of CETs have been 
bought down, other actions may be needed to reduce various market barriers (see, for example, Table 
4.1).  

 
Conditions conducive to CET innovation include: (a) an internal market large enough to establish 

the CET in the market; (b) rapid energy demand growth (so that large production volumes can be built up 
quickly, thus enhancing the prospects for rapid cost reduction); (c) economically efficient energy markets; 
(d) strong and established environmental policies; (e) an adequate science/engineering infrastructure; (f) 
adequate rules for the protection of intellectual property; and, (g) strong national interest on the part of the 
host country in becoming a market leader in export as well as domestic markets, for the cluster of 
technologies that would be included in the CETO. 

 
CETO competitions could be organized either by multilateral agencies or by the United States in 

partnership with the host country.  The World Bank, the IFC, and the GEF could form a strong 
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partnership for organizing CETO competitions, using GEF resources as needed to make contributions to 
pay for incremental costs.  U.S. firms partnering with firms in the host country would prepare candidate 
projects for these competitions; some candidate projects for CETO might arise as a result of 
demonstration projects carried out under demonstration support facilities (see Demonstration Support 
Facilities, above).  
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Figure 3.5: Depiction of Use of Competitive Auctions to Buy-Down the Cost of a Technology. 

Successive auction blocks are indicated by the boxes, showing the incremental cost per 
unit purchased and the number of units that are purchased in the auction block. 

 
 
 

There are two major advantages of engaging the World Bank/IFC and GEF as the lead organizing 
team for CETO competitions.  First, the GEF, as the financial instrument for implementing the 
Framework Convention on Climate Change, is able, under its Operational Program 7 [Reducing the Long-
Term Costs of Low Greenhouse Gas Emitting Energy Technologies (see Chapter 2)] to use some of its 
resources to help “buy down” costs of new CETs, to the extent that these new CETs offer climate change 
mitigation benefits.  The GEF is probably the only global institution authorized with this capability.  
Second, engaging the World Bank/IFC and GEF in this manner for promoting energy-technology 
innovation would help advance the U.S. goal of maximizing the use of market forces in choosing the most 
promising CETs in the technology transfer process, because these agencies do not allow the use of tied 
aid (which greatly restricts the role of market forces in technology transfer) in sponsored projects.  

 
If the World Bank/IFC and GEF could not be so engaged, the United States could assume the 

responsibility for organizing CETO competitions with its host country partners. 
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Figure 3.6: Learning Curve Relationships for Photovoltaics, Wind Generators, and 
Gas Turbines.  All three have similar learning curves; however, after 1963 the gas 
turbine learning curve increased substantially, indicating attenuated experience effects.  
Note that gas turbines also have fuel costs and associated capital investment that are not 
shown here.  Source: IIASA/WEC (1995). 

 
FINANCE 
 
 Even with proper energy-sector reform and robust capacity building, clean and efficient energy 
technologies might not be deployed—even after successful demonstration and cost buy-down—because 
of financial and other barriers.45  For example, energy-efficiency (EE) and renewable energy (RE) 
projects face several barriers relative to conventional energy projects.  There can be a general lack of 
knowledge of and exposure to RE and EE projects in many markets.  Transaction costs—including 
feasibility studies, legal and engineering fees, costs associated with securing financing, and permitting 
costs—are relatively inelastic with respect to project size, and thus place a disproportionate burden on 
small-scale projects relative to large-scale projects.  Developers are frequently deterred by the inability of 
their potential customers to guarantee repayment of loans.  This can be particularly problematic in 
restructured markets, where newly minted private-sector energy firms may not have a sufficient credit 
history to secure competitive loans on the commercial market.  Asking host governments to provide 
sovereign guarantees to secure long-term debt fails to sufficiently shift the liability for energy projects 
from the public to the private sector.  In addition, governments can only assume limited amounts of 

                                                      
45 This initiative and discussion benefited especially from Econergy (1999). 
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exposure through guarantees, and small-scale energy projects fare unfavorably when pitted against large-
scale energy projects or other development projects in securing these guarantees.46   
 
 Clean energy technologies also face barriers due to their often higher initial capital costs.  
Independent power producers want to recover their investment in the shortest possible time, particularly 
as they generally do not have the capacity to underwrite the debt on their projects and so rely on higher 
capital cost, shorter repayment period market financing.  As a result, they generally prefer low capital cost 
conventional fossil-fired power plants, rather than higher capital cost clean energy technology systems 
even though the lifetime cost per unit energy output may be the same or lower.  The lower capital cost of 
the fossil power plants means less of the developer’s capital is at risk.  In contrast, the clean energy-
technology system has higher capital cost but lower or no (for some renewables) fuel costs—which 
reduces the impact of inflation, volatile fuel prices, fuel-supply disruptions, or other problems.  In order 
for technologies that are cost-competitive on a life-cycle basis but have high front-end capital costs to 
then compete in these markets, financing mechanisms are needed to extend loan repayment times while 
minimizing transaction costs. 
 
 These financial barriers illustrate the importance of building not just an innovation pipeline, but 
also a web of matching private-sector financial mechanisms to provide support at every stage.  These 
range from investors (e.g., pension funds) to investment banks (that can securitize the loan portfolios) to 
national/regional banks to local banks or village credit facilities that provide credit to local equipment 
distributors and end-users.  These facilitating mechanisms to get finance to the end-user parallel the 
corresponding equipment manufacturing, and distribution and maintenance networks required to get the 
technology to the end-user.   
 

There are some embryonic activities that could be helpful in addressing these financing barriers, 
such as various activities of the World Bank Group (see Box 3.5) and the Clean Development Mechanism 
that emerged from the Kyoto Protocol (see Box 3.6).  But the Panel believes that more needs to be done 
and therefore proposes two initiatives: one aimed at encouraging the multilateral development banks to 
increase support for advanced CETs and to increase domestic financial support for such technologies; the 
second to expand a program of grants for feasibility studies, project planning, and other technical 
assistance for such projects. 
 
 The Panel recommends that funding for the two Finance initiatives described below—Finance for 
Clean Energy Technologies and Technical, Financial, and Feasibility Analysis for U.S. Firms—should 
begin at $40 million in FY2001, increasing to $80 million in 2005, including necessary administrative 
expenses. 
 
High Priority Initiative:  Finance for Clean Energy Technologies 
 

Goals:  
 

To overcome financial barriers to deployment of clean and efficient energy technologies in 
developing and transition economies. 
 

                                                      
46 This can occur for several reasons.  Host governments may be tempted to promote known conventional 

technologies.  Because feasibility and project-development studies can be proportionately more expensive for 
small-scale projects, there is an increased probability that the risks won’t be quantified with the same accuracy as 
they are for large-scale projects.  Host governments may also be swayed by the desire to fund or guarantee ‘more 
visible’ large-scale projects. 
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U.S. Actions 
 

(1) Encourage increased financing for clean and efficient energy technologies from the Multilateral 
Development Banks (MDBs), including (a) establishing or expanding "trust funds" through the 
relevant U.S. agencies (such as DOE, USAID, EPA and the U.S. Trade and Development 
Agency) that the MDBs can draw upon to support U.S. agency-approved technical assistance for 
project planning work, and (b) developing contingency plans and mechanisms for reinforcing, if 
necessary, the transition in World Bank and other MDB energy-project funding away from 
conventional energy technologies in favor of clean energy technologies (which is being driven by 
the ability of reformed energy markets to attract private capital for conventional technologies and 
the desirability of not distorting these markets with publicly supported MDB funds); and  

 
 (2)  additional measures implemented by U.S. agencies to facilitate market-based finance of clean and 

efficient energy technologies, including creating a fund administered by the Overseas Private 
Investment Corporation (OPIC) to provide financing for these types of projects (to be phased out 
as the MDBs complete the transition to supporting clean energy technologies and advancing other 
public benefits). 

 
 

Box 3.5: World Bank Policy Mechanisms Encouraging Clean Energy Technologies 
 
Several World Bank Group policy mechanisms encourage the deployment of clean energy (including clean 

coal) and renewable energy technologies in the context of private-sector international cooperation.   For example, 
the Solar Development Corporation (SDC) is a new program for FY99 with the objective of accelerating growth of 
off-grid photovoltaic markets.  SDC utilizes a combination of financing of private-sector business activity for off-
grid photovoltaic applications, plus business advisory, training, and market development services for entrepreneurs.  
The total funding proposed for this initiative was $50M for FY99.  The Photovoltaic Market Transformation 
Initiative (PVMTI) has a very different purpose, being focused on market barriers faced by private companies in 
three countries: India, Kenya and Morocco.  The goal of PVMTI is to expand these nascent markets to be larger and 
more sustainable.  The program, administered by IFC, solicits proposals and awards them on a competitive basis in 
amounts ranging from $500,000 to $5M.  The IFC-GEF Renewable Energy and Energy Efficiency Fund (REEF) 
was created, based in part on a feasibility analysis supported by USAID, EPA, DOE and others.  This fund, as its 
name suggests, encompasses a broader array of energy technologies.  The REEF is designed to stimulate investment 
in small, less-than 50 MW projects that use high-investor-risk technologies.  The REEF will provide debt and equity 
for such projects.  These and other World Bank Group mechanisms with an energy focus rely to some degree on 
GEF support at a total of $150M across all such projects.  The World Bank estimates the leverage of this financing 
at roughly $1 billion. 

 
 

Elaboration: Multilateral Development Banks  
 
Energy-sector reform and restructuring are opening energy markets around the world. As these 

markets open, private investors and companies are able to earn market returns on their investments in the 
energy sector. Under these conditions, the capital needed for capacity expansion will flow to these 
countries from commercial capital markets. This largely removes the rationale for Multilateral 
Development Bank (MDB) support of conventional energy-supply projects.47  Indeed, MDB financing for 
conventional energy-supply projects in these restructured markets leads to significant market distortions 
because MDB financing costs are less than for commercial loans.  MDB involvement in conventional 

                                                      
47 “Conventional” here refers to technologies that can attract private sector capital flows and be implemented 

without the need for public-sector support.   
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energy projects in countries where energy-sector reforms have not been put in place can similarly be 
counterproductive by providing subsidized loans that can delay needed sector reform. A key MDB 
activity should then be to use its financial strengths to accelerate energy-sector reforms while 
simultaneously phasing out its support of conventional energy-supply technologies. 
 

There remains, however, critical roles for the MDBs in supporting the widespread deployment of 
advanced clean energy technologies. Commercial investors will often be reluctant to finance these 
technologies because the technologies are new and unfamiliar to them, or because the technologies 
require modest price premia in return for significant reduction in environmental impacts that are not fully 
valued by the market.  Also, private investors typically want as rapid a return on their investment as 
possible with minimal risk; clean energy technologies—often involving higher initial capital costs even if 
their lifecycle costs are no greater than for conventional technologies—will generally require longer 
amortization periods that reduce their attractiveness to private investors.  As the MDBs drive energy-
sector reform forward and phase out their support for conventional energy projects, they should play 
major roles by helping support: (a) the development of mechanisms to protect public benefits in the new 
market-oriented competitive environment of the energy sector (including mechanisms that help move 
advanced clean energy technologies through the RD3 pipeline, as described above);  (b) the deployment of 
advanced clean energy-supply and energy-efficiency technologies that provide significant public benefits 
that are not adequately valued by the market, or for which deployment is constrained by high transaction 
costs or other institutional or market barriers such as high initial capital costs; (c) the development of 
physical and institutional infrastructures that will be compatible with the clean energy technologies of the 
future, particularly distributed energy systems; and (d) program monitoring and evaluation to track the 
effectiveness of sector reform and the performance of the Bank in supporting clean energy technologies, 
and to identify further market or institutional barriers to these technologies and means of addressing them.  
Interdisciplinary research—complementing the initiative described above—is also needed at the World 
Bank to improve understanding of how “on-the-ground” dynamics work, strengthen understanding of 
technology transfer and policy and institutional change, and improve project design. 
 

Some at the MDBs appear to recognize the necessity of this change in focus and several activities 
have begun (Box 3.5).  This Panel strongly encourages this MDB transition from conventional 
technologies to supporting clean energy technologies.  The Panel does not—at the present—believe it is 
appropriate to establish a specific externally mandated timeline for completing phase-out of support for 
conventional technologies nor for establishing interim portfolio standards for the percentage of clean 
energy technology that the MDBs should be supporting.  (As part of good management practice, however, 
the MDBs themselves may wish to set internal targets and timelines for increasing energy-sector lending 
for clean energy technologies.)  Should the MDBs fail to make significant progress towards completing 
this transition from conventional to clean energy technologies in the next several years, the Panel believes 
that specific plans for phasing out support for conventional technologies and specific targets in support of 
clean energy technologies should be established. 

 
Recognizing that the MDBs lack some of the needed technical expertise in these new clean 

energy technologies, the Panel: (1) encourages the MDBs to strengthen their internal capabilities48; and 
(2) recommends that trust funds be established for the MDBs to use in hiring through U.S. Agencies 
needed national laboratory and private-sector experts to provide the MDBs technical assistance in 
developing clean energy-technology programs.  Specifically, funds should be allocated to DOE, USAID, 
EPA, USTDA, or other appropriate agencies and made available to the World Bank and other multilateral 
development banks to support broader technical assistance relating to clean energy technology for 

                                                      
48 For example, this might be done through the formation and/or strengthening of technical units such as the Asia 

Alternative Energy Program, which are linked directly with and play a central role in country energy-sector 
programs.  DOE and USAID have provided funding and in-kind assistance to this program. 
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programs in developing and transition economies.  Some of these funds could be used to conduct project-
based feasibility studies; others might be used to support studies that would assess broader issues relating 
to widespread deployment of particular clean energy technologies in specific countries or regions 
(estimating market potential, discussing implications of successful deployment, identifying barriers, etc.).  
Funds could be dispensed through the agencies to the MDBs once projects or markets had been identified 
as promising.  Such a funding mechanism already exists—the USTDA’s “Evergreen” fund is used to 
assist institutions such as the IFC to fund feasibility studies and for other supports.49  Funding is limited, 
however, and should be expanded, particularly to include Agency, national laboratory, private sector, 
university, and NGO expertise. 
 

Box 3.6: The Clean Development Mechanism 
 

At Kyoto, industrialized and developing nations agreed to develop an innovative, market-based approach to 
promote sustainable development and provide cost-effective reductions of greenhouse gas emissions, although the 
details of the mechanism have not yet been determined.  Called the Clean Development Mechanism (CDM), it might 
work as follows.  A company from an industrialized country could help build a highly efficient plant in a developing 
country rather than a less efficient plant previously planned.  This would result in emissions reductions below what 
would have been the case without the project investment. Those reductions would be certified as credits, and the 
developing nation and investing company would then determine how to share the credits. The developing country 
could acquire technology and capital investment as well as a share of credits it could sell or bank. The company 
could acquire a share of credits it could use to meet its emissions reduction commitments at home.  The CDM will: 
• assist in achieving sustainable development by providing an incentive for investments in developing countries, 

helping those countries toward cleaner energy and economic growth. 
• allow, in combination with emissions trading and joint implementation, industrialized countries to secure the 

most cost-effective emissions reductions wherever they may be found. 
• promote the diffusion of climate-friendly technologies and create a worldwide market for them. 
• aid those countries that are most vulnerable to climate change since, under the Protocol, a "share of the 

proceeds" from qualifying projects is to be used to assist those countries in meeting the costs of adaptation.  
 

A number of issues must be resolved to make the CDM operational, including determining baselines, 
verification methods, institutional structures, and allocating project proceeds.  The CDM is to be designed to be an 
efficient, transparent, accountable, and flexible market-based mechanism that ensures cost-effective reductions 
through public- and private-sector investment in clean energy and carbon sequestration projects.  Wherever possible, 
the CDM should use existing institutions to streamline the process. 

 
 

Elaboration: OPIC-based Financing  
 

OPIC should—by Administration mandate—establish a loan facility to provide funding for 
renewable energy (RE) and energy-efficiency (EE) projects.50  This funding would be for eligible 
investors in such projects.   U.S. Government exposure could be ‘capped’ by guaranteeing only a fraction 
of the loan, or by providing credit guarantees that act to extend the loan repayment period. U.S. 
government exposure would be limited to the appropriation provided for the partial guarantee. The private 
                                                      
49 TDA maintains trust funds at six multilateral development banks (MDBs): the World Bank, the international 

Finance Corporation, the European Bank for Reconstruction and Development, the African Development Bank, 
the Inter-American Development Bank, and its private-sector arm, the Inter-American Investment Corporation. 
TDA uses these funds for technical assistance and feasibility studies. Most are known as "Evergreen Funds." That 
is, through periodic drawdowns and replenishments of existing funds at the banks, TDA maintains a minimum 
balance at all times so that each fund is readily available to help U.S. businesses take advantage of time-sensitive 
projects. 

50 This initiative and discussion benefited especially from Econergy (1999). 
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sector and other participating financial institutions would be liable for the remainder of the risk, which 
would total 75-80 percent.  Significantly, the private sector would share the risk—indeed to carry the bulk 
of it.   Precedents exist for this targeted type of financial mechanism in the activities of the World Bank 
and its International Finance Corporation (IFC). 
 

OPIC is considered to be the U.S. institution with the most experience with this type of guarantee 
mechanism, and could dispense these funds directly, perhaps by pooling or ‘bundling’ the credit-line 
requirements of numerous RE and EE projects in order to reduce the transaction costs associated with 
small-scale projects.  In addition, OPIC might choose to work with other financial institutions that have 
already set up bundled credit lines for RE and EE projects.51  In each case, the risks and assets of all the 
projects are pooled or bundled, and therefore OPIC would be able to offer the credit backing at lower cost 
(lower interest rates) than would be available for individual small-scale projects. The purpose of this new 
instrument would be to "create the market," that is, to get the market going, and the cost of doing so 
would be covered in part by charging fees for the use of the guarantee.  The program should therefore be 
phased out after five years or so of operation in a particular market. 
 

The fund would provide selected risk mitigation instruments for private or joint public-private 
development of renewable energy and energy-efficiency projects internationally, and help reduce the high 
transaction costs associated with small-scale energy projects.  This, in conjunction with other mechanisms 
such as CETO, could significantly increase the market penetration of small-scale renewable energy or 
energy-efficiency projects in restructured markets.  This could also help balance the OPIC portfolio, 
which is now weighted towards fossil energy technologies. 
 
Important Initiative: Technical, Financial, & Feasibility Analysis Assistance for U.S. Firms 
 

Goal:   
 
To provide additional measures implemented by U.S. agencies to facilitate market-based finance 

of clean and efficient energy technologies. 
 

U.S. Actions 
 
(1) Establish a program of grants for feasibility studies, project planning, and other technical assistance 

for energy-efficiency and renewable energy projects in developing and transition economies, 
dispensed by USTDA, USAID, EPA, and DOE (as a complement to the technical assistance funds 
dispensed through the multilateral development banks; see Multilateral Development Bank initiative 
above). 

 
The OPIC-based financing support identified above should be complemented by grants dispensed 

through USTDA, USAID, or DOE to provide technical assistance, finance project-development plans, or 
fund feasibility studies.  Funds in these agencies could be used to provide grants to U.S.-based firms 

                                                      
51 A successful example of a line of credit is one created in the United States by Proven Alternatives Capital 

Corporation (PACC), a San Francisco-based company.  PACC developed a $30 million line of credit with Banque 
Paribas to finance targeted investments in commercial, industrial, and institutional energy efficiency programs 
and projects.  The pool of capital is non-recourse, with the collateral for each project’s financing limited to the 
physical assets, contracts and cash flow of the project.  The fund pools many projects into one portfolio, thereby 
increasing the credit strength of the overall portfolio and reducing the interest rate.  PACC’s role includes fund 
administration, loan documentation, structuring customer contracts, and negotiating non-standard approvals.  The 
minimum project size is $1 million, and $5 million is the maximum size. 
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participating in international renewable energy or energy-efficiency projects; these grants could be used 
to develop project plans, conduct feasibility studies, or offset the high transaction costs associated with 
securing lending.   
 
 
FILLING THE GAPS 
 

The above initiatives, together with increasing support from the trade agencies for advanced clean 
energy technologies—a trend that this Panel strongly endorses—can help bridge the gaps in the 
innovation pipeline and establish a strong environment for market-driven advanced clean energy-
technology development and deployment.  This is indicated in Figure 3.7. 

 
In addition to the development assistance activities of USAID and the financial mechanisms 

discussed above in terms of the Multilateral Development Banks and the partial loan guarantee fund, the 
trade agencies—Department of Commerce, Export-Import Bank, Overseas Private Investment 
Corporation, and Trade and Development Agency—play an extremely valuable role in assisting the 
export of U.S. energy technologies.  In the last several years these agencies have become much more 
proactive in supporting clean energy technologies.  This is very important and the Panel strongly 
encourages further efforts in support of clean energy-technology exports together with improved linkages 
with DOE, EPA, and USAID, and greater consideration of the broader strategic role the Trade Agencies 
can play in moving advanced clean energy technologies through the innovation pipeline. 

 
 

Proposals for “filling the gaps”  
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Figure 3.7: Filling the "Gaps" In The Innovation Pipeline.  This figure illustrates how the 
initiatives described in this chapter can plug the gaps in the innovation pipeline.  This includes 
greater use of agency support of R&D and demonstration technical assistance; the DSF and 
CETO for clean energy technology demonstration and buy-down; the MDBs through the shift 
from conventional to clean energy technologies and retail finance for widespread deployment; 
DOE/EPA/USAID/TDA to provide technical assistance to the MDBs as they transition to 
supporting clean energy technologies; USAID/DOE/EPA and others to assist in capacity and 
market conditioning in the host country; and the Trade Agencies in support of clean energy 
technology exports.  Darker shading indicates more vigorous activity by the relevant institution. 

 



Powerful Partnerships 

3-40 

BOX 3.7: TIED AID 
 
Tied aid— in which government-to-government financing is reciprocally tied to the purchase of goods—

began as a significant trade barrier to U.S. exporters in the early 1980s. Since that time, the deployment of energy 
technologies in developing countries has provided a platform for certain industrial nations to use tied-aid as a means 
of dominating rapidly expanding energy markets such as wind and solar-photovoltaic energy.  Recognizing the 
trade-distorting impact of such practices, the 1992 agreement amongst OECD countries, known as the Helsinki 
Package sought to eliminate tied aid in those instances where the project in question would be commercially viable.  
Nations that wish to carry out tied-aid agreements must report it to the OECD's Tied Aid Consultations Group.  
Other nations can offer challenges to whether a project is being appropriately labeled as non-commercially viable.  
To date, this group has culled 58 of 114 challenged projects as inappropriate for tied aid on this basis.    
 

 Notwithstanding such progress and in contrast to it, the example of wind energy exports to India from 
Denmark provides a case study of how devastatingly effective tied-aid can be in blocking U.S. exporters.  Danish 
manufacturers of wind turbines benefited from a 1988 tied-aid agreement (a grant of $30 million) that led to further 
joint ventures between Danish and Indian companies.  By 1994, almost all of the newly installed 180 MW of wind 
capacity in India went to Danish companies.a   China's market for wind turbines raises the specter of a repeat 
outcome; to date nearly all of the 247 MW of installed capacity can be linked to tied-aid soft loans and grants.   

 
  The United States has attempted to fight tied-aid in general by matching the concessionary financing 

offered by foreign competitors through the Ex-Im Bank and "war chests" provided by Congress.  For example, Ex-
Im bank has established a Tied Aid Capital Projects Fund that offers financing packages matching the concessional 
packages of tied-aid projects and that had budgetary resources of $341 million in 1998.  While important, this 
approach to fighting tied aid is difficult to administer, particularly for many renewable and other small-scale 
technologies.  What is then needed is a generic approach to fighting tied-aid, particularly as the number of small-
scale projects increases. 

 
There remains a problem in the case of innovative clean energy technologies that are not yet commercially 

viable and so are not considered under the Helsinki tied-aid provisions.  Such technologies need support to buy them 
down the learning curve to commercial viability, but when foreign competitors do this through tied aid and the 
United States does not, U.S. manufacturers are severely disadvantaged.   

 
The CETO organized under GEF and the MDBs could help level the playing field for U.S. manufacturers 

and buy down the cost of these technologies, while at the same addressing in a generic manner the U.S. government 
dilemma of opposing tied aid here and abroad, but at the expense of U.S. firms.  At the same time, it is important to 
ensure that these actions are designed to contribute to the development of local capacity and markets—in contrast to 
tied aid which can often distort and damage local market development. 

 
a PERI (1995) 

 
Any discussion of trade quickly leads to the "tied aid" issue.  U.S. manufacturers strongly 

expressed their frustrations to the Panel concerning foreign tied aid practices, such as providing below-
market-rate financial support to that country’s products.  The Panel does not support the use of tied aid, 
but does acknowledge the difficult situation that U.S. manufacturers are placed in by foreign tied aid.  
Responding to foreign tied aid requires a more proactive and aggressive effort, particularly in the case of 
small-scale energy-efficiency and renewable energy projects that are small, dispersed, and difficult to 
track. 
 

The innovation pipeline proposed by the Panel embeds within it mechanisms to reduce use of tied 
aid.  In particular, under open competitive bidding processes the MDBs exclude explicit tied aid practices.  
Thus, by making use of mechanisms such as the DSF and CETO, U.S. companies can potentially access a 
mechanism that levels the playing field for them and gives them a fair chance of moving their innovative 
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technologies through the innovation pipeline.  This also enables developing and transition countries to 
access the most cost-effective high-performance technologies available and avoids donor tied aid that can 
lead to use of lower quality equipment.  Such equipment can prematurely fail or require excessive and 
expensive maintenance and parts.  Issues of tied aid are discussed in Box 3.7.   
 

Standards can also play a significant strategic role in trade (Box 3.8).  A number of countries 
have used standards as a competitive weapon by working with host countries and trying to implement 
standards that will be favorable to their equipment and lock out the equipment of competitors.  
Developing countries need to be sensitive to the standards issue to protect their interests.  Standards are 
needed that encourage open competitive markets, minimize waste, and provide other benefits. 
 

Box 3.8: International Standards and Conformity Assessment Procedures 
 
International standards are an essential tool for a country to ensure that imported energy technologies 

conform to necessary technical specifications, yet in many instances can also pose a substantial barrier to U.S. 
exports.a   Across all U.S.export markets, international technical standards are estimated to impede the sale of $20 
billion to $40 billion of U.S.goods and services.b  The international community has taken positive steps towards 
curbing the abuse of standards.  The General Agreement on Trade and Tariffs contains an Agreement on Technical 
Barriers to Trade (Annex 1a) that endorses the broad principles necessitated if technical standards are to serve their 
useful purpose and establishes practices and safeguards to that end.  Implementation, however, is on a case-by-case, 
country-by-country basis.  In the case of Japan, the United States has sought to eliminate such barriers through 
negotiation, for example through the US-Japan Initiative on Deregulation and Competition of June, 1997.  The 
Energy Working Group enumerated several Japanese regulations that impede the sale of U.S.equipment and 
services, including regulations for approval and inspection, for increasing capacity of existing power plants, and 
certification of stand-by generators.  In addition, the United States has requested that Japan sign the 1998 Global 
Agreement for harmonization of technical regulations for motor vehicles, which include energy conservation, and 
pressed Japan to accelerate its efforts to adopt performance-based regulations. With an eye toward the Far East as a 
whole, at the November, 1997 APEC Leader’s meeting the United States, Japan and 16 others endorsed a program of 
accelerated trade liberalization, which included the energy sector. 
 

Conformity testing of products upon entry into a country can also be manipulated as a trade barrier when 
the importing country will not accept the U.S. exporter’s certification of compliance with relevant technical 
standards.  Such is the case in Taiwan, where U.S. exports of air conditioning and refrigeration equipment must be 
tested for energy-efficiency and capacity before clearing customs.a   
 

The rapid expansion of demand for energy technologies in developing countries heightens the possible 
damage of trade barriers as U.S. firms vie for these markets.  A shift to performance-based standards that would 
allow the marketplace to determine which of a number of competing technical standards to use, would help reduce 
the abuse of standards as technical barriers to trade.  Performance-based standards would be particularly applicable 
in the case of energy technologies, especially in a future necessitating rapid technological innovation to meet the 
economic, environmental, and national security challenges identified in this report. c   

 
a USTR (1999) 
b Mallet (1998) 
c Nelson Milder, ASME, personal communication, April 1999. 
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CLOSE 
 

The actions and mechanisms described in this chapter—capacity building, energy-sector reform 
that advances public benefits—and financing, build the foundation for a coherent and strategic energy-
technology innovation pipeline.  The next two chapters identify high leverage ERD3 opportunities that 
can benefit from these actions and mechanisms. 
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CHAPTER 4 
EFFICIENT END-USE TECHNOLOGIES 

 
 
 

We are in the middle of the industrial revolution.  We had better be; we have 
much to set right. 

  
       Jacob Bronowski1 
 
 

fficient energy use helps satisfy basic human needs and powers economic development.  The 
industrialized world depends on massive energy flows to power factories, fuel transport, and heat, 
cool, and light homes, and must grapple with the environmental and security dilemmas this use 

causes.  These energy services are fundamental to a modern economy.  In contrast, many developing 
country households are not yet heated or cooled.  Some two billion people do not yet have access to 
electric lighting or refrigeration.  The Chinese enjoy less than one-tenth as much commercial energy per 
person as do Americans, and Indians use less than one-thirtieth as much (Table 1.1).  Raising energy use 
of today’s world population to only half that of the average American would nearly triple world energy 
demand.  Such growth in per capita energy use coupled with an increase by over 50 percent in world 
population over the next half-century and no improvement in energy efficiency would together increase 
global energy use more than four times.  Using conventional technologies, energy use of this magnitude 
would generate huge demands on energy resources, capital, and environmental resources—air, water, and 
land.     
 

Energy-efficient technologies can cost-effectively moderate those energy supply demands.2  For 
example, one study found that investments in currently available technologies for efficient electric power 
use could reduce initial capital costs by 10 percent, life cycle costs by 25 percent, and electricity use by 
nearly 50 percent compared to the current mix of technologies in use.3  Modest investments in efficient 
end-use technologies lead to larger reductions in the need for capital-intensive electricity generation 
plants.  Conversely, when unnecessary power plants and mines are built, less money is available for 
factories, schools, and health care.  In the language of economics, there is a large opportunity cost 
associated with energy inefficiency.  It is both an economic and environmental imperative that energy 
needs be satisfied effectively.  Incorporating energy-efficiency measures as economies develop can help 
hold energy demand growth to manageable levels, while reducing total costs, dependence on foreign 
sources of energy, and impacts on the environment. 
 

This chapter considers energy end-use technologies and barriers impeding their development and 
use.  Two time periods are examined: the first extends over the next two decades when commercial but 
underutilized technology could penetrate emerging markets; the second stretches into the longer-term 
when the full potential of existing technologies has been realized and new technologies that are developed 

                                                 
1 Bronowski (1974) 
2 Worrell et al. (1997a) 
3 OTA (1992) 
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over this period can be deployed to provide further improvements.  Our policy focus in this chapter 
includes market distortions created by governments in emerging markets, subsidies provided to promote 
energy supply-trade and development, and a variety of market imperfections that inherently limit full use 
of cost-effective energy-efficiency technologies. 

 
The global shift towards open, competitive markets is reducing direct market subsidies and 

distortions.  Nevertheless, inherent market imperfections and inefficiencies will limit the deployment of 
energy-efficiency technologies to less than their cost-effective potential even with the reduction of direct 
market subsidies (Table 4.1).   As energy-sector reform and restructuring takes place, it is essential that 
mechanisms to encourage cost-effective efficiency improvements be built into the new structure.   
Mechanisms for addressing some of these market challenges are described in Chapter 3 and below. 

 
The rapid economic growth in the developing world over the next decades can create a strong 

environment for technological innovation.4  Markets for energy-intensive basic materials are growing 
only slowly in the industrialized countries, but are growing rapidly in developing countries as they build 
their infrastructures of buildings, factories, and roads.  Markets for consumer goods and the factories that 
produce them will likewise grow faster in developing countries than in industrial countries over the next 
several decades.  With this rapid growth and the construction of new factories and equipment, there is a 
great opportunity to develop and introduce innovative technologies that can significantly reduce energy 
use, economic costs, and environmental impacts.  U.S. firms can either help develop these technologies in 
partnership with other countries and participate in this transition, or risk facing competition from these 
technologies and products in the future as they flow into the United States from other markets.  
 
 
WHAT IS AT STAKE? 
 

The market has not come close to exploiting the full technical potential for energy efficiency.  
Current practice uses energy perhaps only one-tenth as efficiently as is technically possible over the long-
term.5  But energy end-use efficiency is limited by market barriers and market distortions, higher costs for 
very efficient (but usually immature) technologies, and technology development.  PCAST 1997 
recommended to the President that the United States set goals of doubling and tripling the fuel economy 
of light trucks and passenger cars, respectively, and reducing energy use in new buildings by 70 percent 
by 2030.  This PCAST panel recommends that the President launch an initiative to cooperate with other 
countries to cut global energy demand growth to half of business-as-usual levels over the next five 
decades.  
 

Energy projections such as those described in Chapter 1 indicate differences in projected energy 
demand in 2050 between the high and low scenarios of a staggering 450 exajoules (Figure 1.2), about the 
same as total world energy demand today.  That is the equivalent oil output of 25 Saudi Arabias (at 1995 
production levels), or the coal production of fifteen Chinas (1995 production levels).  The difference 
between these projections is substantially due to differing assumptions about deployment of energy-
efficient technologies.  
 

Ironically, energy is most often wasted where it is most precious.  Developing and transition 
economies such as China, the world’s second largest energy consumer, use much more energy to produce 
a ton of industrial material than modern market economies (see Table 4.2).  Developing-nation 

                                                 
4 Note that a number of other factors are also important in creating a favorable environment for innovation, 

including the availability of skilled labor, financing, material resources, and sound government policies.   
5 See Gibbons and Chandler (1981), Ayres (1989). 
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inefficiency reflects both market distortions and underdevelopment itself.  Decades of energy subsidies 
and market distortions in developing and transition economies have exacerbated energy waste.6  Every 
society in the world, including the United States, has at one time encouraged energy inefficiency by 
controlling energy prices, erecting utility monopolies, subsidizing loans for power plant development, and 
ignoring environmental pollution.  Many nations, including the United States, continue these wasteful 
practices.  These subsidies and market distortions can seriously delay technological advances, even by 
decades, compared to best practice.   
 

Table 4.1: Barriers to Advanced Energy-Efficient Technology RD3 

Barrier Description 
Availability Advanced energy-efficiency technologies and the skilled labor and spare parts to support 

them may not be locally available. 
Lack of  knowledge/ 
awareness 

Energy staff/decision makers may not know benefits/costs/applications of new technologies, 
of lessons learned in past deployment efforts, or sometimes even of a technology’s existence. 

Split Incentives Builders and owners may not pay for energy costs and so have no incentive to invest in higher 
efficiency; The classic example is the landlord who furnishes an apartment with lower cost 
but less-efficient appliances, and the tenant who has to pay higher utility bills.  There are 
similar disconnects between the user who purchases cheap, inefficient appliances and the 
electric utility that must invest in new generating equipment sufficient to power the appliance. 

First-Cost Bias Equipment purchasers are widely observed to minimize their first cost when buying 
equipment, even though the lower-cost equipment may have a higher lifecycle cost. 

Policy bias for 
conventional energy 

Policies have been optimized for the deployment of conventional technologies; these polices 
include regulatory frameworks, financial mechanisms, and tax incentives.  These mechanisms 
can hinder deployment of advanced energy technologies with characteristics such as higher 
initial capital costs and different operating regimes. 

Unpriced benefits/ 
externalities 

Many benefits of advanced energy technologies, including reduced environmental impacts 
and other externalities, or lower use of imported fuels, are not given a market value. 

Small projects/high 
transaction costs 

Energy-efficiency projects are often small but still require financing.  The necessary 
feasibility studies, for example, impose transaction costs—including engineering design, legal 
permitting, financing, consulting—similar to those of larger projects even for small projects.   

Inadequate local 
infrastructure 

Lack of legal, financial, transportation, communications, and technical infrastructure makes 
difficult the acquisition, operation, and maintenance of advanced technologies. 

Inadequate human/ 
institutional capacity

In-country human and institutional capacity may be limited for developing, marketing, 
financing, and promoting energy efficiency measures. 

Inadequate business 
capacity 

In-country business partners may lack experience with some business practices, including 
common approaches in preparation of business plans, use of transparent accounting practices, 
and management of complex systems. 

Risk Energy technology projects face a variety of risks in international markets—financial, 
political, project, commercial, technological.  Political risks such as expropriation or currency 
convertibility can be covered in part by OPIC; project risks—meeting  construction and cost 
schedules—are exacerbated in many countries due to lack of skilled labor/materials shortages. 

High capital costs Many efficient technologies have higher upfront capital costs than conventional energy 
technologies, but provide unpriced benefits such as pollution reduction or lower long-term 
fuel costs.  High capital costs carry the risk of greater financial loss if the technology does not 
perform as planned; this parallels the risk of loss due to sharp fuel price increases that 
conventional supply technologies carry, but which are passed through to consumers. 

Access to affordable 
financing 

Small developing country businesses and consumers often lack access to credit worthiness, 
collateral, or may otherwise be unable to get financial assistance. 

Import taxes/tariffs Energy efficient technologies may face higher entry barriers than conventional technologies 
Conventional energy 
subsidies 

Conventional energy technologies may be subsidized through a variety of tax, tariff, and 
nonprice supports.  This includes subsidies to kerosene, diesel, electricity, etc. 

                                                 
6 Chandler et al. (1990). 
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Underdevelopment, or poverty, can accentuate consumer focus on initial price rather than life-
cycle value.  Buyers of appliances, vehicles, and even factories and power plants will often minimize their 
first costs, not the life-cycle cost of purchasing and operating an energy-consuming product.7  Such 
choices often lead to the purchase of low efficiency, high emissions technologies due to their low first 
cost.  In turn, the low efficiency technologies require much more energy supply, which forces heavy 
capital investment in the energy-supply sector.  The high emissions impose heavy health costs on society.  

 
Market distortions and poverty combine to discourage energy efficiency improvements 

throughout the market place.  Subsidized energy prices have reduced the incentive to purchase high 
efficiency equipment.  Poverty reduces the availability of and access to retail credit to finance energy 
efficient equipment and increases the risk (real or perceived) that consumers will be unable to repay such 
loans.  Government instability raises costs or deters investors from investing in modern plants and 
equipment, including energy efficiency and other technical improvements.  Technical weaknesses, such 
as frequent power system brownouts and blackouts, voltage instability, and other factors can deter use of 
high-efficiency equipment designed for more stable operating conditions.  The development of equipment 
to better meet the operating conditions in developing countries has been slow as these countries have 
invested relatively little in R&D, and their historically lower technology demand levels have limited their 
market power to define the capabilities of products developed for the global market.  Further, some 
western nations have also distorted emerging country energy markets with financial subsidies and 
technical assistance intended to promote their products in energy supply—thus unintentionally 
discouraging energy efficiency.  The worldwide shift to more open, competitive markets will reduce some 
of the distortions on the supply side, but will do little to change the inherent market barriers on the 
demand side (Table 4.1).  As discussed in Chapter 3, with sector reform it is essential to build into these 
new structures mechanisms such as integrated resource planning and demand-side management that can 
help balance investment across the supply and demand sides to be as cost effective as possible.  Some of 
these mechanisms are discussed below.  
 

China, India, Brazil, Russia, and other developing and transition economies are building homes 
and factories with out-of-date technology, but which will be used for many decades. In cold northern 
China and Western Siberia, for example, apartments are built with low thermal integrity, leaky windows, 
and are equipped with appliances half as efficient as American ones. Developing nations thus build in 
excessive costs, lock out environmental protection, and diminish their own development potential. 

 
Table 4.2: Chinese Industry Remains Energy Inefficient 

 
Items Chinaa  Western Levelb China/West  

Steel Production, (kgce/ton) 990-1250d 610-780e 1.6 
Cement Production, (kgce/ton) 210 135 1.5 
Ammonia Production, (kgce/ton) 2,070 1,000 2.1 
Ethylene Production, (kgce/ton) 1,600 870 1.8 
Thermal Power Generation c (gce/kWh) 420 330 1.3 

Notes: Values have been rounded off to 2+ significant figures.  (a) 1990 levels; (b) primarily 1980 Japanese 
levels; (c) values are 1994 levels; (d) Hu et al. (1998) cites an average value for steel making of 1,245 
kgce/ton for 1995;  (e) Hu (1998) cites values of  732 for Germany and 782 for the United States.  Worrell 
et al. (1997b) also provides a cross-sectoral comparison of energy use in the iron and steel industry for 
Brazil, China, France, Germany, Japan, Poland, and the United States that indicates higher levels of energy 
use in China than the other countries, even with substantial gains in efficiency.  Principal sources: World 
Bank, (1993); Chinese Energy Development Report (1997). 

                                                 
7 IPCC (1996) 
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Box 4.1: China Has Made Dramatic Progress in Energy Efficiency  
 

In 1970, Chinese Premiere Deng Xiaoping set a goal of quadrupling China’s economy by the year 2000 and 
enacted a series of economic reforms moving away from the Stalinist economic model to a more market-oriented 
system.  One element of these reforms was to enact new policies for energy conservation.  Key elements of the 
Chinese energy-efficiency success story include: 
 
• Establishing the China Energy Conservation Investment Corporation to invest in energy efficiency.  

Investments focused on equipment upgrading, new capital construction, and demonstration and dissemination 
projects. 

• Creating efficiency standards for buildings and residential appliances. 
• Establishing national, local, and industrial energy conservation technology centers.  
• Supporting energy R&D for waste-heat utilization, rural and renewable energy, and coal preparation and 

combustion. 
• Launching an annual Energy Conservation Awareness Week. 
 

The result of these and related energy efficiency efforts has been to reduce Chinese energy demand growth rates 
since 1980 to roughly half the rate of economic growth, a remarkable achievement for a developing country—even 
given China’s extraordinarily high rate of energy use to begin with, a legacy of the cultural revolution and 
centralized planning.  Had Chinese energy intensities remained at 1980 levels, Chinese carbon emissions would now 
account for roughly a quarter of the global total—comparable to U.S. emissions—rather than an eighth. 
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Figure 4.1: Chinese Energy Intensity and Consumption, 1965-97. 
Source: Lawrence Berkeley National Laboratory and Pacific Northwest National Laboratory, Battelle Memorial 
Institute 
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Progress can be both rapid and significant.  China has, through energy-sector reform and pursuit 
of energy efficiency opportunities, made unprecedented progress in energy intensity reduction faster than 
any developing nation in history.8 China has held energy demand growth to half the rate of overall 
economic growth over the past two decades (see Box 4.1).  This example demonstrates that economic 
development can proceed while restraining energy demand growth; indeed, by employing cost-effective 
energy efficient technologies, funds are freed for investment in other critical development needs.  Energy 
efficiency can thus be a significant contributor to social and economic development.  

 
 

OPPORTUNITIES FOR IMPROVEMENT 
 

There are many opportunities for the United States to cooperate with other countries—industrial, 
transition, and developing countries alike—in developing and deploying energy-efficient technologies.  
The rapid economic growth of the developing countries will give them a particularly important role in 
shaping the development of innovative technologies over the next several decades, especially in areas 
such as producing energy-intensive basic materials for building infrastructure and in consumer goods 
such as refrigerators, lights, and heating, ventilating and air conditioning (HVAC) systems. New 
production facilities will increasingly be located in these markets.  U.S. firms will want to be part of that 
development, in part to prepare for the inevitable day when these technologies produced abroad compete 
for U.S. market share.  The following sections examine opportunities on a sectoral basis for buildings, 
transportation, and industry, and review the economic context of and technical opportunities for energy 
savings.  Overall sectoral shares and total energy use are listed in Table 4.3 for a number of countries.  
The following sections examine initiatives for cooperative RD3 in each sector, lessons-learned in past 
programs, and the practicality and availability of policy tools for removing barriers.  

  
Table 4.3: Energy Demand by Economic Sector, 1985 and 1995 

 

Country Industrya Transportationa Buildingsab Total Energyc Energyc 
  1985 1995 1985 1995 1985 1995 1985 1995 1985 1995 

  % % % % % % EJ EJ GJ/cap GJ/cap 
Brazil 39 37 38 38 13 16 5 7 35 40 
China 61 66 8 9 22 18 23 37 20 30 
India 58 54 23 24 11 13 6 11 8 11 
France 33 29 25 29 37 36 9 10 160 170 
Germanyd 37 32 19 26 38 36 14 14 180 170 
Poland 43 39 9 14 38 34 5 4 130 100 
Russiade 36 39 16 13 23 32 39 28 270 190 
S. Africa 36 39 24 28 12 9 4 4 130 160 
S. Korea 40 47 17 23 38 24 3 7 70 150 
Ukrained 50 48 9 8 33 38 12 7 240 140 
U.K. 30 27 27 31 37 35 9 10 160 170 
United States 30 26 35 39 28 30 78 95 330 360 
(a)  Commercial energy end use, not including conversion losses or traditional fuels (note that Table 1.1 does 
include traditional fuels).  Totals do not include agriculture or non-fuel uses of fossil fuels and do not add to 100 
percent.   Source: IEA (1997).  (b) Combines public sector, residential, and commercial energy use; (c) Total 
primary commercial energy consumption measured in exajoules (1x1018 Joules); does not include traditional fuels.  
Source: EIA (1998).  (d) Values for 1985 are estimated.  (e) Personal communication from Svetlana Sorokina, 
Russian Center for Energy Efficiency. 

                                                 
8 World Bank (1996a), Levine (1997), Chandler et al. (1998), IEA (1999). 
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Key considerations in the initiatives developed below are not just the goals of a new program but 
who would be involved, what they would do, and why their actions would make a difference.  Because 
market actors differ by end-use sector of the economy, this set of initiatives is organized by buildings, 
transportation, and industry.   The proposals, however, have a strong cross-cutting aspect and are meant to 
be considered as a package of elements, each addressing a different facet of the overall problem of RD3 of 
energy efficiency technology.  Three of the core questions asked of each element used to fashion this 
strategy were: 
 

• Is the approach commensurate with meeting the challenges of economic growth and develop-
ment, strengthening national security, and protecting the environment? 
 

• Does the program leverage the power of the market place; does it effectively leverage other 
public activities? 
 

• Will the effort build on the existing strengths of the business, financial, and technical 
communities? 

 
 
BUILDINGS SECTOR 
 

Overall, buildings account for about 36 percent of primary energy use,9 with substantial variation 
among countries (Table 4.3).  With global population increasing by 85 million per year, and urban 
populations in developing countries increasing by over 60 million per year, the correspondingly large 
number of buildings and modern appliances that these people will require will have a major impact on 
future energy use.  These buildings will have lifetimes of typically 50 to 80 years; thus, delays in 
improving their energy efficiency will lock in energy waste and unnecessary expense for many decades.  
In addition, several hundred million households worldwide lack power and running water.  For about 
one-third of the world’s population, cooking and in some cases heating is fueled by firewood, charcoal, or 
agricultural residues. 
 
Building Shells and Appliances 
 

Housing in transition economies usually consists of multi-family buildings constructed of 
pre-fabricated concrete panels or masonry with poor thermal characteristics.  These structures usually 
have leaky windows, poorly designed and managed district heating systems, and thirty-year-old appliance 
technology.  In Russia, the R-value—a measure of thermal insulation value—of existing buildings often 
reaches only 1, while R-20 or higher would be justified.10  District heating systems are poorly maintained 
and leaky, with network losses reaching 30 percent in some cases.  Basic heating controls such as radiator 
valves are often lacking.  Furthermore, heating costs in Russia can equal one-quarter to one-third of 
average household income.11 
 

Use of household electric appliances is growing rapidly in developing countries.  Over 90 percent 
of urban households in China now have appliances such as refrigerators and clothes washers, compared to 
less than 10 percent only two decades ago.12  Refrigerators and other types of electric appliances produced 

                                                 
9 Worrell (1997a). 
10 Matrosov et al. (1997). 
11 Bashmakov (1998). 
12 Nadel et al. (1995). 
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in developing countries tend to be small but inefficient.  Chinese, Indian, and Eastern European 
refrigerator-freezers typically consume 500 to 800 kWh per year, an amount equal to or higher than the 
average new American model which may be twice as large in volume.  Likewise, electric lighting used in 
developing countries is dominated by very inefficient incandescent lamps.13   
 

Energy savings of 15 to 30 percent have been achieved in demonstration projects utilizing basic 
measures such as thermostats, piping insulation, and window weatherization in Russia, Ukraine, Poland, 
and the Czech Republic.14  It is estimated that more extensive building retrofits could cut energy use 30 to 
50 percent in these countries.  Efficient refrigerators and other appliances now being produced to a 
limited degree in Brazil, China, and a few other developing countries use half as much electricity as 
typical appliances in these countries.  And electricity used for lighting in developing countries could be 
reduced 40 percent or more through use of more efficient lighting technologies—products that are already 
available and cost effective.15  A large technical, policy, and analytical base exists for improving building 
and appliance efficiency.16 
 

Advanced building design techniques and associated technologies and appliances available today 
can cut in half the energy consumption of buildings in the United States and other OECD countries.  
Savings typically pay for the incremental cost of these more-efficient buildings in less than seven years.  
Techniques to achieve these savings include use of high-performance wall insulation, infiltration controls, 
advanced window technology (such as low-emissivity coatings, high-molecular-weight-gas-filled 
glazings), increasing use of natural lighting and ventilation, reducing heating and cooling loads, and 
installing high-efficiency heating, cooling, and lighting equipment.  The best results come from 
incorporating specifications for building envelope, equipment, controls, operations, and surrounding 
environment into a “whole building” framework.  Similar or better energy performance improvements are 
feasible in the developing and transition countries. 
 

Despite positive financial returns on energy improvements, few builders make the requisite 
additional investment.  The research literature attributes this problem to lack of information, lack of 
financing, perceived risk, and numerous disconnects among architects, contractors, owners, and renters.17  
Architects are typically paid a negotiated amount based largely on the cost and size of the building, not on 
its energy performance.  Contractors are paid for construction, and builders are paid a fixed rate per 
square foot.  Construction contracts are based on least first cost, not on least life-cycle cost.  The renter 
who pays the energy bills does not want to replace inefficient equipment for the owner, nor does the 
owner want to spend more money to purchase efficient equipment.  Similar disconnects exist between 
end-users and utilities.  For example, in Brazil the instantaneous electric resistance water heater, costing 
as little as $10 to $12, is the most popular system for household water heating for showers, but its high 
peak demand forces utilities to invest $800 to $1000 in generating capacity per installed shower.18  Thus, 
in all these cases those with the ability to optimize energy performance of a building and its equipment 
have little or no incentives to do so; those with the incentive to reduce building energy use are often not in 
a position to do so. 

 

                                                 
13 Nadel (1997), Geller et al. (1998). 
14 Secrest (1994), Martinot (1997). 
15 Nadel et al.  (1997), Geller et al.  (1998). 
16 OTA (1992), OTA (1993), Worrell et al. (1997a), Geller and Goldstein (1998), Martinot (1998).  
17 Hirst and Brown (1990), Reddy (1991). 
18 Geller et al. (1998). 
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A variety of policy interventions can help overcome these barriers, but there is no single solution 
to them.  Codes and standards can usefully establish minimum energy performance levels for 
manufactured equipment and new buildings.  Training, testing, and compliance efforts, however, are 
needed to successfully implement building codes and equipment standards.  Third party Energy Service 
Company (ESCO) financing can help solve the “first-cost” problem by converting a first cost to an 
operating cost.19  Tax or financial incentives can also make higher efficiency levels more attractive to the 
builders and owners sensitive to first costs.  This might also include, for example, charging electricity 
"hookup" fees equal to the present value of all future power demand charges.20  This would encourage the 
builder/owner to take into account the amount of electric generating capacity that the building will 
demand.  Information, labeling, training, and certification can be useful to educate consumers, improve 
installation practices, and encourage efficiency levels exceeding minimum codes and standards.  Design 
competitions can encourage raising the ceiling on performance for buildings; similarly "golden carrot" 
competitions can raise the performance ceiling for appliances and equipment.21   
 

The United States is a world leader in producing energy-efficient appliances, lighting products, 
and residential and commercial buildings.  Mandatory efficiency standards—enacted at the national level 
for appliances and mass-produced equipment and at the state level for buildings—is a primary reason 
energy efficiency has improved in the buildings sector over the past two decades.22  Standards drive 
technological innovation by providing technology-forcing market pull.  The average electricity use of new 
U.S. refrigerators, for example, declined from 1,800 kWh per year in 1974 to about 600 kWh per year in 
1998, while the average size and the number of features increased.23  Efficiency standards, first adopted in 
California and then extended nationwide, caused this dramatic reduction in energy use (Figure 4.2). 
Similarly, codes and standards also have led to significant efficiency improvements in air conditioning, 
heating, and lighting technologies.  
 

Appliance efficiency standards already adopted are expected to reduce U.S. electricity use by 88 
TWh (2.7 percent) in 2000 and 245 TWh (6 percent) in 2015, leading to net savings of over $160 billion 
for consumers and about 60 million metric tons less carbon emissions in 2010.24  Savings from building 
codes and related activities such as software design tools are on the same order of magnitude.  Rating and 
labeling programs such as the EPA/DOE Energy Star effort for appliances, office equipment, and lighting 
contribute to efficiency improvements in these areas.  These activities are extremely cost-effective for the 
government since all of the investment in more efficient products and buildings is made by the private 
sector and paid for by consumers—who ultimately reduce their net costs. 
 

Some developing countries realize that codes and standards can be effective and have taken steps 
to implement them, in some cases with support from U.S. agencies and experts.  South Korea launched a 
standards and labeling program for appliances and lamps in 1992; standards have been ratcheted up over 
time and equipment efficiency has significantly improved.25  Mexico enacted mandatory efficiency 
standards on refrigerators, air conditioners, and motors, initially at modest levels of efficiency but later 

                                                 
19 Witcher (1999). 
20 Arthur Rosenfeld, personal communication, April 1999. 
21 An example is the "Golden Carrot" super-efficient refrigerator program conducted in the United States (Eckert, 

1995;  Levine et al., 1995a). 
22 Geller and Nadel (1994). 
23 Geller and Goldstein (1998). 
24 Ibid. 
25 Egan and du Pont (1998). 
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equivalent to U.S. standards.26  The U.S. EPA and the State EPA of China signed a Statement of Intent to 
cooperate on building codes and standards in April 1999.  The Philippines adopted minimum efficiency 
standards for room air conditioners and refrigerators, and is considering standards for motors.  With 
support from U.S. experts and funding from USAID, the Philippines adopted building energy codes that 
took effect in 1995.  Code enforcement and compliance, however, appear to be very weak in many 
countries.27 
 

Testing, labeling, and voluntary standards have been a key part of Brazil’s successful national 
electricity conservation program, with support from USAID, DOE, and EPA.28  EPA and DOE also have 
supported Russian efforts to develop building energy codes by providing training and implementation 
activities.  Other developing countries that have taken steps to implement testing, ratings, standards and 
codes include China, Malaysia and Taiwan.29 
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Figure 4.2: U.S. Refrigerator Energy Demand Over Time.  This shows the average energy 
consumption for new refrigerators sold in the United States in kilowatt-hours per year.  

Source: Lawrence Berkeley National Laboratory. 
 
 
Building design tools and competitions offer particularly high leverage.  The energy component 

of building design is typically less than 10 percent of the total design cost and less than 1 percent of the 
total cost of the building.  In a design competition, perhaps only a quarter or a third of submitted designs 
would be awarded competitive grants, yet would stimulate all competitors to improve their designs.  
Further, building designs, particularly housing, are often replicated a hundred or more times.  Together, 
these factors turn a relatively small investment in building design tools and design competitions into 

                                                 
26 Friedman (1998). 
27 Wiel et al. (1998). 
28 Geller et al. (1998), Geller et al. (1999). 
29 Duffy (1996) 
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substantial leverage on the overall investment in improved buildings.30  Building design competitions 
would also give visibility to winning architects and winning designs, and would provide opportunities to 
publicly illustrate the value and performance of these buildings.  Many of the features of these advanced 
designs emulate traditional architecture with its emphasis on natural lighting, solar control with overhangs 
and awnings, careful design and placement of windows, and other features.31   
 

Capable building design tools are a critical first step, but experience in California has shown that 
training architects in their use and contractors in how to build to the new specifications are also essential.  
With these additional training steps, substantial savings are possible.  An experiment by Pacific Gas and 
Electric demonstrated 50 percent energy savings—above California’s strict Title 24 building performance 
standard—in 6 of 7 buildings that they completed, and 45 percent savings in the seventh.32 
 

While there have been some exceptions, codes and standards activities in developing countries 
have been ad hoc, limited in scope and geographic coverage, uncoordinated, and in some cases lacking 
implementation and follow-through.  Similar criticisms can be made of U.S. support for codes and 
standards activities in developing countries.  Integrated Resource Planning and Demand Side 
Management activities can balance efficient end-use efforts with the supply side (Chapter 3). To address 
generic problems, we recommend a number of initiatives for increased financing, energy-sector reform, 
and capacity building (see Chapter 3).  We also recommend the following initiatives tailored to the unique 
problems of energy efficiency in the buildings sector. 
 
High Priority Initiative: Making Buildings Energy Efficient 
 

Goal 
 

 Support cooperative activities with developing and transition countries to reduce overall energy 
use of new appliances, homes, and commercial buildings by 50 percent over the next two decades 
compared to current performance.  Recommended funding for this initiative together with the following 
initiative on improved cookstoves is $20 million per year in FY2001, increasing to $40 million per year in 
FY2005. 
 

U.S. Actions  
 
(1) Technical and policy assistance—with participation from DOE, EPA, USAID, and national 

laboratories—for the cooperative development and implementation of efficiency standards 
for, and ratings and labeling of, building equipment and appliances, including cooperation in 
setting up appliance and equipment testing laboratories and programs; in developing and 

                                                 
30 With similar urbanization rates as industrial countries, there would be roughly 7.5 billion people in urban areas of 

today’s low and middle income countries by the end of the 21st century, an increase of about 5 billion from today. 
With similar occupancy levels as today’s industrial countries, this would require roughly 2 billion residential units 
and perhaps 100 million commercial buildings, all in round numbers.  In turn, if residential unit designs were 
replicated 40 times and commercial units twice, this would result in roughly 100 million building designs being 
developed over 100 years, or an average of 1 million designs per year.  Impacting 1 million building designs 
annually is a tremendous challenge that these mechanisms of design tools, design competitions, and codes and 
standards can address.  

31 Adaptation of building design tools to country-specific materials and issues is needed.  Further research is also 
needed, particularly on design for hot/humid climates, for analyzing and minimizing the sensitivity of building 
design energy performance to inadequacies in construction, and to conduct monitoring and design validation. 

32 Arthur Rosenfeld, personal communication, April 1999, Brohard (1998), Eley (1998). 
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analyzing standards; in harmonizing test procedures and standards where there is U.S. interest 
in doing so; and in implementing voluntary energy-efficiency labeling and promotion 
programs similar to the EPA/DOE “Energy Star” program. 
 

(2) Similarly organized technical and policy assistance for the development, distribution, and 
training in the use of building-design software that minimizes energy use in residential and 
commercial buildings while enhancing building livability and amenity value; for 
development and monitoring of building design competitions to push the envelope of 
building energy performance; and for development, analysis, and implementation of building 
energy codes and standards, including assistance with training, monitoring, compliance, and 
enforcement programs and with software tools.   
 

(3) U.S. encouragement for the GEF, World Bank, and other multilateral organizations to support 
the development and adoption of the measures described here as part of aggressive pursuit of 
building energy efficiency improvements throughout their grant and lending programs. 

 
Elaboration   
 
This panel recommends a major initiative to transfer testing, rating, codes and standards programs 

to developing and transition economies.  It would be delivered by assembling the collective resources and 
expertise of DOE, EPA, and USAID.  Multi-year strategies would be developed for all countries and 
regions interested in this support.  These strategies could be developed and implemented with local 
partners and tailored to the opportunities and needs of each area.  Test procedures, ratings, labels, 
standards, and building codes might be harmonized with U.S. policies where this makes sense; the U.S. 
Energy Star labeling program for computers, printers, and copiers serves as an example of this.33  
Similarly, efforts to coordinate testing, labeling, and standards efforts among industrialized nations would 
be expanded.  EPA’s efforts to extend Energy Star labeling to Europe and Japan and DOE efforts to 
harmonize test procedures to promote minimum efficiency standards among OECD nations could be 
enlarged to include developing and transition nations.  Improving building equipment efficiency is 
particularly important due to the rapid adoption of consumer appliances with development, a process that 
is occurring much more rapidly and at an earlier stage of development than was the case for today’s 
industrial countries.34 
 

High quality, user-friendly simulation and design tools can be very valuable for designing 
buildings that optimize energy use.  U.S. national laboratories have developed tools that are used in many 
countries for building design and for code-related activities.35  Particularly useful examples include DOE-
2 and Energy-10 building-design software.  Further efforts should be made to develop and disseminate 
design tools, help with training users, and help with the application of these tools for developing and 
implementing building codes to set the floor on efficiency performance levels and design competitions to 
push the ceiling on efficiency performance.  DOE should contribute to efforts to develop and apply 
improved, more user-friendly design tools, including public-private partnerships to incorporate energy 
design optimization in commercial architectural-design software packages. 
 

In addition to bilateral policy and technical assistance activities, the GEF, World Bank and 
regional development banks should be encouraged to support this initiative.  The GEF and the banks 

                                                 
33 Thigpen et al. (1998). 
34 OTA (1992). 
35 Mills (1995). 
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should co-fund local energy-efficiency institutions in developing countries to ensure adequate expertise to 
adapt and implement design, testing, rating, labeling, standards and codes programs.  Funding will be 
needed for additional appliance testing facilities in developing countries, for example.  The IFC should 
offer financing to manufacturers who want to make, or are required to make, more efficient appliances, 
motors, pumps, and lighting products. 

 
Helping developing and transition countries become more energy-efficient in building design and 

construction will benefit U.S. companies in a number of ways.  First, U.S. appliance and equipment 
manufacturers are world leaders in energy efficiency.  Their sales through foreign subsidiaries or joint 
ventures might improve with adoption of U.S.-style efficiency standards overseas.  Likewise, foreign 
markets for energy-efficient, U.S. produced heating-cooling-ventilation systems, windows, and controls 
would grow if developing countries were to enact and enforce reasonable building energy codes. With 
active U.S. support, foreign nations are more likely to harmonize test procedures and standards using U.S. 
methods, benefiting both themselves by moving towards performance-based standards as well as U.S. 
companies. 
 

India, Indonesia, the Philippines, Brazil, and Mexico could save an estimated 37 gigawatts of 
baseload power over the next 10 years and 58 gigawatts over the next 20 years if they implemented U.S.-
style buildings sector efficiency standards.36  Globally, widespread adoption of appliance standards and 
new building energy codes alone could reduce energy use in buildings by roughly 25 percent in 2030.37   
 
Improved Cookstoves 
 

Traditional cooking methods using an open fire or charcoal stove generate high levels of fuel use 
and smoke, causing severe environmental, public-health, and social problems for vast numbers of 
households (and women in particular) in rural areas of poorer developing countries.  Estimates of the 
annual number of premature deaths due to acute respiratory infections resulting substantially from indoor 
air pollution, in large part due to smoke from traditional biomass stoves, range up to two million 
globally.38  The problem of traditional cookstoves and cooking fuels, and the serious environmental, 
health, and social problems they cause, should not be overlooked.  The most important energy service in 
rural areas of developing countries today is cooking food.   

 
Traditional stoves/fuels are only 10-20 percent efficient and produce high levels of smoke, while 

improved stoves using traditional biofuels can improve this efficiency to around 20-30 percent.39  Higher 
incomes and reliable access to fuel supplies enable people to switch to modern stoves and cleaner fuels 
such as kerosene, LPG, and electricity.  Kerosene, LPG, and electric stoves can improve cooking 
efficiency to 40-60 percent, greatly reduce smoke, and improve standards of living and public health in 
developing countries, although at higher monetary costs.  But biomass is, due to its low cost and 
availability, likely to remain the main cooking fuel in rural areas of developing countries for many years 
to come.  Improved biomass stoves may be the most practical option for cutting smoke exposure, 
reducing fuel waste, and cutting fuel collection burdens for large numbers of poor households in the 
foreseeable future. 
 

                                                 
36 Duffy (1996). 
37 LBNL (1996). 
38 Smith et al. (1999).  See also Kammen et al. (1999).  
39 Baldwin (1986), OTA (1990), OTA (1992), Reddy et al.  (1997). 
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Previous efforts to develop and disseminate improved biomass stoves have met with mixed 
success.40  China has implemented the most sweeping and successful improved stove program in the 
world.  Around 130 million improved stoves, mostly biomass stoves, were installed in rural areas during 
1982-92, meaning over half of rural households in China obtained an improved stove.  Although there 
were problems with quality control and durability in the beginning, these problems were largely 
overcome and most stoves have saved fuel, improved indoor air quality, and remained in use.41  Lessons 
from the Chinese national program include targeting regions with adequate interest as well as technical, 
financial, and managerial capability; limiting government subsidies (about 15 percent of total stove cost 
in the case of China); producing key stove parts centrally; independently testing and monitoring to 
evaluate performance; and working with rural enterprises for stove dissemination.42 
 

Kenya also has implemented relatively successful stove programs both for urban areas and rural 
areas with improved charcoal and wood stoves, respectively, disseminating over 700,000 stoves by the 
early 1990s.  Lessons from this experience include the importance of central production of key 
components such as ceramic liners, use of small enterprises to produce and market stoves in areas where 
users can afford to pay, use of women’s groups for stove dissemination in rural areas, and tailoring 
designs to meet local conditions while maintaining testing and quality control.43 
 

In contrast to the China and Kenya experience, improved stove programs in many other countries 
have met with much less success for a wide range of technical, economic, social, and institutional 
reasons.44  This has resulted in cuts in financial support for improved biomass stoves by many bilateral 
aid organizations.  Improving stove efficiency and cutting down indoor smoke levels is, however, feasible 
and worth seeking.  For households that purchase fuel, the fuel savings can pay off the cost of the stove in 
as little as a few months.  For rural households that gather fuel, time spent on this task can be significantly 
reduced, and other benefits provided. 
 

Technical difficulties abound in attempting to improve biomass stove performance.  For example: 
  
• Stoves which burn biomass directly under the pot produce smoke because the pot is always at low 

(boiling) temperature, which quenches the combustion of volatiles rising from the fire, creating 
smoke. 

 
• Household-scale biomass gasification units have difficulty turning down the heat quickly and/or 

without extinguishing the gasification process. 
 

• Village scale gasifiers face difficulties in setting up the pipeline distribution structure, avoiding 
gas leaks, and metering gas usage.   

 
There are promising technical routes, but R&D is needed to develop them in a low-cost, low 

polluting, efficient package.  Alternatively, complementary approaches such as the generation of liquid 
fuels from biomass may have potential, as discussed in Chapter 5.45 

                                                 
40 Barnes et al. (1994). 
41 Smith et al. (1993), Smith (1993). 
42 Ibid. 
43 Karakezi and Turyareeba (1995) 
44 Barnes (1994), Reddy et al.  (1997) 
45 Other approaches also face difficulties.  Charcoal stoves are being widely disseminated in east Africa, but 

conversion of wood to charcoal wastes typically half or more of the original energy in the wood.  Solar stoves 
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Other Important Initiatives: Developing and Disseminating Improved Cookstoves 
 

Goal  
 

To support cooperative efforts in the development and dissemination of low-cost, low-polluting, 
and efficient cookstoves fueled by renewable energy resources.  These stoves would improve public 
health and the quality of life mainly in rural areas of Africa and Asia. 
 

U.S. Actions   
 

The United States would support cooperative efforts with foreign counterparts to: 
 

(1) Research and develop low-cost, low-polluting, high-efficiency cookstoves fueled by renewable 
energy resources, particularly biomass and biomass-derived fuels (see Chapter 5).  This research 
should be closely coupled to field demonstrations to ensure that stoves fully meet user needs and 
requirements.  Emphasis should be on stoves that can be rapidly produced with high levels of 
intrinsic quality control. 

 
(2) Build human and institutional capacity in stove RD3 in key developing countries; 
 
(3) Leverage large-scale deployment of these high-performance stoves through the market.   

 
Elaboration 

 
PCAST recommends that USAID, DOE, and EPA offer support and assistance to improved stove 

R&D and dissemination programs throughout Asia, Africa, and other regions where cookstove-related 
health and environment problems exist.  This should include linking universities with substantial 
technical expertise and NGOs with field expertise with developing country counterparts.  Activities 
should be responsive to local needs and informed by the lessons learned in previous efforts to design and 
disseminate improved cookstoves.  We suggest that USAID lead this initiative, but that both DOE and 
EPA contribute funding and expertise, as appropriate.  U.S. agencies might consider funding South-South 
collaborations so that successful efforts by countries like China and Kenya can be replicated elsewhere. 
 

This initiative would be closely coordinated with other nations and development agencies 
supporting improved biomass stove efforts such as the German assistance agency GTZ.  At a minimum, 
funders need to coordinate and avoid duplication and competition, jointly developing and implementing 
strategies where possible.  In addition, the U.S. government would encourage the GEF, World Bank, and 
regional development banks to contribute to efforts for improved stoves, where appropriate, including 
making available finance through effective rural micro-credit schemes like the Grameen Bank in 
Bangladesh.   
  

The primary U.S. interest here is humanitarian—helping to address the severe health, 
environmental, and social impacts of traditional biomass cooking in developing countries.  Reducing 
indoor smoke and highly elevated levels of particulates and other pollutants could reduce acute 
respiratory illness found largely in women and children in developing countries, as well as premature 
death linked to breathing elevated levels of smoke. 
 

                                                                                                                                                             
may offer some benefits, but only work during sunny daylight hours. 
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TRANSPORTATION SECTOR 
 
Background 
 

Transportation accounts for one-quarter of world energy use, with developed nations consuming 
70 percent of that amount.46  Developing nations enjoy far less mobility than in the West.  Every 
American could get into an automobile at the same time, and no one would have to sit in the back seat.  
But in Brazil, there is one car for 13 people and in Asia one for 200 people.47  The torrid annual 
transportation energy demand growth rate of 2.7 percent experienced during the seventies and eighties 
slowed to 1.6 percent this past decade, but the growing and increasingly wealthy global population will 
for decades to come demand expanding passenger and freight services.  Improved vehicle technology and 
transportation systems are critical international energy RD3 needs.  

 
The automobile continues to make inroads around the world.  In the post-communist Czech 

Republic, automobile ownership increased by one-quarter after 1990 while mass transit use fell by half.  
Car ownership in Russia surged by 7 percent per year in the 1980s and 9 percent in the 1990s.48  China 
had only about 3 million cars in 1985, but now adds roughly that same amount annually.49   
 

Some emerging markets manufacture automobiles but do not avail themselves of cost-effective 
transportation efficiency measures.  The Russian-made Lada, Polish-made Polonez, and Chinese-made 
Volkswagen, for example, lack the four-valve cylinders, special cams, fuel injection, and computer-
control technology the west now takes for granted.  These technologies can significantly improve 
efficiency.  And in large parts of Asia, inefficient highly-polluting two-stroke engines are widely used in 
two- and three-wheel vehicles.  Four-stroke engines are available on the market that typically cost 25 
percent more than the two-stroke engines, but reduce hydrocarbon emissions by 90 percent, increase fuel 
efficiency by 25 percent, and have simple payback times—at typical annual driving rates—of 2.4 years at 
gasoline prices of $1/gallon.50  Meanwhile, U.S. automobile fuel economy stalled with the collapse of oil 
prices in the mid-eighties and the lack of improvement of fuel-economy standards. 
 

Government officials often assume that poorer countries cannot afford the more-advanced 
technologies because of cost concerns.  More efficient and cleaner cars and two- and three-wheel vehicles 
may cost slightly more to manufacture and purchase, but would reduce fuel cost—often for imported 
oil—as well as costs associated with air pollution.  Air pollution levels have grown rapidly51 and the air 
pollution costs can be very high, as noted in Box 1.2.  Toxic emissions are also a serious concern; the lead 
in leaded gasoline, for example, can cause brain damage.52  Educating leaders in industry and government 
on the benefits and costs of new transport technologies and the costs of urban air pollution could help 
developing and transition nations increase mobility in a more sustainable, cost-effective manner 
considering all costs associated with transport. 
 

                                                 
46 IPCC (1996). 
47 OECD (1997). 
48 SEVEn (1998). 
49 China Daily (1999). 
50 OTA (1992). 
51 Onursal and Gautam (1997). 
52 Lovei (1997), Walsh and Shah (1997). 
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Based on sales data from vehicle manufacturers, it is estimated that 43 million two- and three-
wheel motorized vehicles were in use in developing and transition countries by 1988.53  This fleet has 
probably grown by 50 percent over the last decade.  In Asian cities such as Calcutta, Mumbai, New Delhi, 
and Bangkok, two- and three-wheelers account for over 50 percent of the motorized vehicle fleet.54  In 
China, bicycles are still the predominant travel mode.  Nonetheless the motor vehicle fleet in Beijing 
increased seven-fold between 1980 and 1995, and use of motorized vehicles will continue to grow rapidly 
as income rises.55 
 

The two- and three-wheel motorized vehicles typically used in Asia are very dirty and relatively 
inefficient.  Most of them are powered by crude two-stroke engines that provide only two-thirds of the 
fuel economy of an equivalent size four-stroke engine.56  Two-stroke engines emit 3 to 5 times more 
hydrocarbons and particulates as four-stroke engines of similar capacity.  While their fuel economy is still 
better than that of a modern compact or subcompact car, their emissions per kilometer can be many times 
greater.  These vehicles are a major contributor to highly unhealthy air pollution levels in Asian cities.57  
In Taiwan, for example, 73 percent of motor vehicles are motorcycles, and they account for about 35 
percent of CO emissions and 18 percent of total HC emissions, even though their motorcycle emissions 
regulations are the most stringent in the world. 
 

Enormous technical potential exists for reducing the emissions levels and fuel requirements of 
two- and three-wheel vehicles used today in developing countries.  Shifting to four-stroke engines is one 
obvious opportunity, but newer technologies, including compressed natural gas, electric battery, and fuel 
cells offer much more potential for fuel economy and environmental protection.  The Environmental 
Protection Agency of Taiwan, for example, has mandated that by 2000 at least 2 percent of the 
motorcycles sold by each manufacturer must be electrically powered and the national goal is to sell 0.5 
million electric scooters by 2004.  This follows a 1990 government launched project that has involved six 
motorcycle manufacturers and several component suppliers and has conducted field tests for a 
demonstration fleet of 150 electric scooters in 1997.58  
 

Battery powered vehicle range is limited and weight, especially for two- and three-wheelers, is 
high.  Because of this, options such as fuel-cell systems are particularly attractive.  Thus, U.S. agencies 
and multilateral development institutions should together work with the private sector to radically 
improve two and three-wheel motorized vehicles in developing countries.59  The organization of this 
effort would benefit from study of the history and experience of the Partnership for a New Generation of 
Vehicles (PNGV) program in effectively joining public and private interests, including periodic 
independent merit review.   
 

                                                 
53 Faiz (1993). 
54 Birk and Zegras (1993), Bose (1998). 
55 Dengqing, Aling and Xuefeng (1996). 
56 Bose (1998).  Note the slight difference with the earlier estimates of fuel savings and emissions reductions.  These 

two sources (Bose 1998, OTA 1992) indicate a range of possible savings. 
57 Birk and Zegras (1993), Faiz (1993). 
58 Shu (1997). 
59 With increased income some now using two- and three-wheelers will shift to automobiles, but many who now 

have no motorized transport will enter the market with a two- or three-wheeler.  There will be continuing demand 
for small vehicles, particularly given urban densities in many developing countries. 
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Interest in improving two- and three-wheel vehicles and reducing emissions is increasing among 
developing countries.  India has adopted stricter vehicle emissions standards for two and three-wheelers 
as well as cars that will take effect in 2000.60  China also is phasing in emissions standards for cars and 
motorcycles.  Likewise, Thailand is gradually tightening its emissions standards on smaller vehicles and 
has converted some of its three-wheeled taxis to compressed natural gas (CNG).  And as noted above, 
Taiwan has mandated the introduction of electric cycles starting in 2000, and some Chinese cities are 
considering similar actions.61  Encouraging joint ventures to utilize innovative technologies in scooters 
and rickshaws should be a major focus of this initiative. 
 

Developing countries face particular challenges in land-use planning and public transit.  Urban 
populations of developing countries are currently increasing by a net of about 60 million people per year 
and a number of megacities are developing around the world with high population densities and severe 
congestion and air quality problems.  Once roads and buildings are put in place, the overall structure of 
the city is unlikely to change significantly for many decades to even a century or more; changing the 
urban form is often just too difficult.  Consequently, future urban congestion, livability, and 
environmental quality in the developing world is being determined today, largely by an unplanned 
random process of incremental accretion.  As one study noted: 

 
“While several middle income developing countries engage in travel forecast modeling 
(i.e. Thailand, Mexico, Chile and Brazil), the vast majority of developing world cities 
have almost no indigenous urban transport planning capability, much less any modeling 
capability”.62 

 
Public transit in developing nations is often overcrowded, poorly maintained, unsafe, and slow, 

though not always so in transition countries.  Megacities in developing countries are subject to unplanned 
growth, including shanty towns springing up in peripheral areas.  Helping developing countries improve 
transport and land use planning is the purpose of one of the initiatives described below.  

 
Another factor affecting future transportation energy use is the management and construction of 

railroads vis-a-vis highways.  Central and Eastern Europe today has fewer roadways than the single 
country of Italy, though construction of highways is considered a priority in nations like Poland.63  A shift 
from rail to road freight has occurred in Central Europe, as it has in China, India, and Latin America.  
Helping developing and transition nations address this modal shift to ensure the most effective, lowest 
cost, and least polluting transport possible is another area deserving attention. 
 

Action is needed throughout the world—in the United States and elsewhere—to improve 
transportation systems and limit transportation-linked problems such as urban congestion, local air 
pollution, dependence on expensive and insecure supplies of oil, and greenhouse gas emissions.  For 
private transport, policy mechanisms that might be considered for controlling these costs include: full-cost 
pricing of fuels and vehicles, pay-as-you drive insurance, road pricing, fuel taxes, vehicle taxes, 
registration charges, fuel economy standards, and urban-area access control.   

 
For public transit, steps that can be taken include improving bus and other mass transit systems 

and better land-use planning to combat urban sprawl.  Developing and sustaining mass transit systems 

                                                 
60 Pachauri (1999). 
61 Shu et al. (1997a), Shu et al. (1997b). 
62 Zegras et al. (1995). 
63 OECD (1997). 
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that are affordable, comfortable, and fast requires heavy capital investment and proper financing to ensure 
survival of services that can compete with automobiles.  Most developing countries have population 
densities that are many times higher than the United States–up to five times higher in China, for example.  
These high population densities will greatly constrain use of automobiles in favor of mass transit systems.  
Some cities such as Curitiba, Brazil (see Box 4.2) and Hong Kong have very successful public transport 
systems.  But car use has been rising rapidly in cities ranging from Mexico City to Nairobi to Beijing, 
creating heavy congestion, air pollution, and hazardous conditions for pedestrians and bicyclists.  
Consequently, improving public transportation systems has become a priority in many Third World 
nations.  
 
 

Box 4.2: Urban Transport Success Story: Curitiba, Brazil 
 

Curitiba is the capital of the state of Parana in southern Brazil.  It has a population of about 2.3 million in 
its metropolitan area.  In the early 1970s, city authorities began to implement urban planning and infrastructure 
investments designed to combat urban sprawl.  Growth was concentrated in the central city and around five linear 
corridors with higher building densities allowed along these corridors.  A sophisticated bus-based public 
transportation system was developed emphasizing convenience and speed.  The bus system includes express bus 
lanes on major arterial streets, complemented by inter-district and feeder buses as well as highly efficient bus 
terminals and transfer stations.  The bus system is operated by private companies in cooperation with city 
authorities. 
 

The results are impressive.  About 75 percent of all commuters (more than 1.3 million passengers per day) 
take the bus.  Fuel consumption rates in Curitiba are 25 percent lower than in comparable Brazilian cities even 
though Curitiba is relatively wealthy and has above average car ownership levels.  Also, Curitiba has relatively low 
ambient air pollution compared to other Brazilian cities.  And the average Curitiba resident spends only about 10 
percent of his or her income on transport, low by Brazilian standards. 
 
Sources: Herbst, 1992, and Lewan, 1994 

 
 
The United States similarly faces significant problems of urban congestion and air quality and has 

much to learn about ways to improve overall transport system efficiency.  Indeed, U.S. approaches to 
urban planning and highway transportation systems have often not worked well and perhaps offer useful 
case studies for other countries of the problems that can arise with insufficient or ineffective land-use and 
transportation planning.  Although there are some shining examples of mass transit systems in the United 
States—the public transport system in Portland, Oregon, for example—public transit in urban areas of the 
United States is generally weak.  International cooperative RD3 could provide significant benefits to the 
United States as it grapples with increasing congestion in many of its urban areas..  The lessons learned in 
other countries—particularly other industrial countries—should be identified and brought back to the 
United States. 
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High Priority Initiative: Improving Vehicles 
 

Goal  
 

This effort would help research, develop, and demonstrate clean, energy-efficient two- and three-
wheel vehicles and buses, and help accelerate their deployment in developing and transition countries.  
Recommended funding for this initiative, together with the following initiative on New Technologies for 
Public Transport Systems, is $20 million per year in FY2001, increasing to $40 million per year in 
FY2005. 
 

U.S. Actions   
 

(1) Integrate and expand activities of DOE, EPA, and USAID—and encourage the same by GEF—on 
cooperative RD3 of low-cost, efficient, clean power sources for transportation—particularly fuel-
cell systems for small vehicles (primarily 2- and 3-wheel vehicles) and hybrid and fuel-cell 
systems for buses, as well as electric or alternative-fuel propulsion systems where appropriate.  
The United States would encourage joint ventures involving U.S. and foreign companies to 
manufacture these vehicles and fuel production systems. 

 
(2) The U.S. would encourage the GEF, World Bank, IFC, and other multilateral development banks 

to help finance the vehicle manufacturing capacity, infrastructure, and consumer credit systems 
necessary for large scale deployment of these advanced vehicles; 

 
(3) The U.S. EPA would provide assistance to developing and transition countries for the analysis 

and implementation of emissions standards, including establishment of vehicle testing and 
inspection programs for all types of motor vehicles. 

. 
Elaboration   

 
A number of ongoing activities could be brought together and expanded to create this initiative.  

First, DOE has considerable experience working with the private sector on R&D and commercialization 
of CNG, electric, and fuel-cell vehicles and their components.  DOE can build on this experience and help 
apply it to developing country two- and three-wheel vehicles.  USAID has a project to encourage 
development and production of small electric cars in India—this experience could be extended to fuel-cell 
vehicles.  The GEF is starting a new operational program in sustainable transport—this could be one of its 
focal areas.  The multilateral banks are gaining experience financing the deployment of small-scale 
renewable energy and energy efficiency projects—this approach could be extended to innovative, clean, 
and efficient two- and three-wheelers once they are produced in developing countries. 
 

We propose focusing on two- and three-wheel vehicles rather than cars for a number of reasons.  
First, the multinational auto companies are actively developing and commercializing advanced electric, 
hybrid, and fuel-cell vehicles in the industrialized nations, as are some smaller specialized companies.  
Developing countries should get access to these vehicles once they become widely available and 
practical, particularly if they insist that multinational and joint venture car makers produce high 
efficiency, low-polluting vehicles through tight fuel efficiency and emissions standards or mandates for 
the introduction of advanced technologies.  But manufacturers are paying relatively little attention to 
improving the smaller two- and three-wheel vehicles used predominantly in the developing world. 
 

This initiative would also focus on helping developing countries obtain advanced bus 
technologies.  Innovative hybrid (combination of internal combustion engine and batteries) and fuel-cell 
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buses are under development or in limited production in the United States and other countries.64  The 
State Science and Technology Commission of China is, for example, developing electric and fuel-cell 
buses.  These technologies greatly reduce or eliminate the soot and smog-producing emissions by 
traditional diesel engines and are more fuel efficient (see Table 4.4).  Developing these technologies for 
public buses would also have significant spillover effects for trucks, which are major contributors to 
urban air quality problems in many countries. 
 
 

Table 4.4: Emissions and Fuel Economy for Selected Bus Technologies 
 
 Traditional Diesel Diesel Hybrid Electric Methanol Fuel Cell 

Nitrogen Oxides (g/mile) 25.0 14.0 0.04 
Particulates (g/mile) 1.3 0.4 0.00 
Fuel Economy (mpg) 3.6 5.5 6.6a 
(a) Miles per gallon of diesel-equivalent. 
Source: Mark and Davis (1998) 
 
 

This initiative would support cooperation and encourage joint ventures between U.S. and foreign 
companies including supporting demonstrations, testing, and commercial introduction of innovative bus 
technologies in developing countries.  Fuel cells in particular could be attractive for buses and trucks in 
developing countries because of the air pollution and health benefits and potential to make methanol or 
hydrogen from a wide range of locally available feedstocks (see Chapter 5).  Health benefits may be 
especially significant due to the small-particle air-pollution problem from diesel engines (Box 1.2).65 
 

A major challenge of these efforts will be to effectively coordinate the work with ongoing fuel-
cell RD3 activities in the automotive arena, to ensure adequate spillover of technological and economic 
advances into these proposed small vehicle and bus applications. 
 

U.S. companies could play a major role in modernizing two- and three-wheel vehicles in 
developing countries.  A U.S.-led initiative could strengthen U.S. manufacturers of these and related 
technologies vis-à-vis foreign competitors. Several U.S. companies are developing and even producing 
electric or hybrid electric buses.  USAID is currently implementing a program to introduce small electric 
vehicles in India, working with U.S. and Indian manufacturers.  DOE has supported development of fuel 
cell buses, and U.S. companies along with Canadian and German manufacturers are in the forefront of 
fuel-cell and fuel-cell-bus development efforts.  Additional support could substantially benefit U.S. 
technology development efforts and help tap a valuable export market. 

 
Urban air quality could be significantly improved if two-stroke engine-powered vehicles were 

displaced by advanced vehicles on a large scale.  A modal shift to buses and introduction of advanced bus 
technologies could significantly affect fuel use and air quality in developing nation cities.  By one 
estimate, a modal shift to buses combined with improved bus and light-vehicle technology in New Delhi, 
Bangalore, and Calcutta could cut air pollution by one-quarter to one-half in those cities by 2010.66  

                                                 
64 Mark and Davis (1998). 
65 New diesel engines reduce the total mass of particulates emitted, but may produce many more small particulates, 

fueling concerns about the health impacts of small particulates (Abdul-Khalek et al. 1998; Donaldson et al. 1996; 
Ferin and Penney 1992; Kittelson 1998; Kruger et al. 1997; Mayer et al. 1995, Warheit et al. 1990). 

66 Bose (1998). 
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Emissions of hydrocarbons could be cut in those cities by up to 80 percent, particulates up to 60 percent, 
and carbon monoxide by as much as 75 percent, compared to business-as-usual. (See Tables 4.8 and 
associated discussion at the end of this Chapter.) 
 
 

Box 4.3: Motorized Bikes for Developing Countries 
 
Bicycles are still the dominant transport mode in cities in Asia.  In Beijing, for example, there are over 8.5 

million bicycles and other non-motorized vehicles, compared to about 660,000 motorized vehicles as of 1994 
(Dengqing, 1996).  But as incomes grow, there will be rapidly growing demand for motorized vehicles and the 
increased mobility they provide.  Use of battery- or fuel-cell powered bikes can serve the demand for greater 
mobility without adding to (and in some cases improving) air pollution in cities like Beijing.    
 

A motorized bike with a price of $300, based on large-scale production in Asian countries where labor is 
inexpensive, is still relatively costly for a typical resident of Beijing, Manila, Bangkok, or New Delhi.  But if 
financing were made available through a multilateral bank either directly or passed through to cycle vendors and/or 
other intermediaries, and if off-peak (i.e., night-time) electricity was provided for battery charging at a reasonable 
price then the market in urban areas of developing countries could be very large.  Likewise, the taxi rickshaw market 
could be very attractive if financing were available. 

 
Other Important Initiatives: Innovating New Technologies for Public Transport Systems 
 

Goal  
 

This initiative would help developing countries plan more efficient transportation systems, 
including mass-transit systems and related land-use planning.   
 

U.S. Actions  
 

(1) Support would be provided through U.S. agencies for public-private partnerships with developing 
countries for transportation planning and analysis, including adaptation and use of travel demand 
models, transit models, urban-planning tools, and related financial and emissions models.  
Particular attention would be given to identifying useful model programs from around the 
world—in industrial, transition, and developing countries alike—and extracting lessons learned 
that can be adapted for use in developing countries as well as in the United States. 

 
(2) The U.S. would encourage the GEF, World Bank, IFC, and other multilateral development banks 

to support the development of public transport systems and related land-use activities. 
 

Elaboration:   
 

The United States is not a model for public transportation systems and transit-oriented urban 
development—the use of public transit is relatively low and has been declining.67  Nonetheless, the 
United States has considerable expertise in transportation and land-use planning, expertise often lacking 
in developing countries.  For example, transportation assessments in cities in Thailand, Indonesia, India 
and Pakistan indicated that there is little expertise or information on transit-oriented land-use planning in 
these countries.68 

                                                 
67 Mark and Davis (1998). 
68 Birk and Zegras (1993). 
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Information exchanges among and training for city planners and leaders in developing countries 

can help develop understanding of the opportunities for, and potential impacts from, developing 
integrated land-use and public-transport plans, and how to balance centralized planning approaches with 
appropriate market-driven deregulated approaches guided by the insights from planning.69  Together with 
improved transport technologies, like those used effectively in Curitiba (see Box 4.2) and a few U.S. 
cities such as Portland, Oregon, these activities can have substantial benefits on urban form, congestion, 
air quality, and other aspects of urban life.70  USAID- and EPA-supported experts can help urban and 
transport planners in developing countries adapt and apply integrated land-use and transport models, 
collect the necessary data, and develop integrated transport and land-use plans that address local problems 
such as congestion, environmental degradation, and access to public transportation within the economic 
and other constraints present.  USAID has recently conducted such workshops in the Philippines.  
Facilitating information exchanges between countries, including other industrial countries and developing 
countries, can be an important component of this effort.  Capacity building should be a primary 
consideration.   
 

This initiative should also be coordinated with the new transportation program of the Global 
Environmental Facility, particularly to encourage GEF support for a modal shift from personal to public 
transport, including funding for integrated transportation and land use planning.  This initiative would 
also encourage the MDBs to devote a larger share of transport loans to upgrading and expanding public 
transport systems. 
 

Developing countries face substantial urban air quality and congestion problems that improved 
urban design could significantly help.  This can also enhance the quality of life and economic growth 
potential in developing countries, which of course, is of benefit to the United States.  Perhaps more 
importantly, the United States could learn much of use for application inside the United States from this 
program, particularly from information exchange with other industrial countries.   
 
 
INDUSTRY 
 

Industry consumes roughly 40 percent of the world’s commercial primary energy.71  Production 
of a few basic energy-intensive materials, including steel, chemicals, cement, and paper, typically 
accounts for half of those totals.  Iron and steel alone accounts for 14 percent of global industrial energy 
use (Figure 4.3).  Emerging markets consume relatively more energy in industry than in buildings or 
transport because rapid development of infrastructure drives demand for energy-intensive materials.  
Boilers, kilns, and electric drives rank highest among specific energy-consuming devices in industrial 
energy use.  

 
Global industrial energy use grew quickly between 1970 and 1990, averaging over 2 percent per 

year, while industrial output grew even faster, averaging over 3 percent.72  The economic collapse of the 
Soviet Union—where industrial energy consumption has shrunk by a third or more73—restructuring  in 

                                                 
69 Dowall and Clark (1996). 
70 Zegras et al.  (1995). 
71 Worrell et al. (1997a). 
72 World Bank (1996). 
73 Chandler (1999). 
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China and elsewhere, and more recently the Asian economic crisis have sharply reduced industrial energy 
demand growth in those regions over the past five years.74  

 
Emerging-market industries often fail to make use of the energy-efficient and cost-effective 

process technologies available to them (industrial-country factories also frequently fail to take full 
advantage of the energy-efficiency opportunities).  China, for example, uses roughly 90 percent more 
energy to make a ton of steel on average than Japan.75  Countries like Colombia, India, and Indonesia use 
60 to 200 percent more energy per ton of pulp and paper than the OECD average.76  U.S. and Russian 
cement makers frequently use 30 percent more energy per ton of production than counterparts in France 
or Mexico because they rely heavily on older “wet” cement production-process technology, while other 
nations have moved on to the “dry” process.77  Chemical plants in emerging markets often have not 
applied techniques such as advanced membranes, improved catalysts, or even simple energy management 
practices such as heat recovery or insulation.  New processes for energy-intensive materials production 
can significantly reduce energy use in future facilities.  Opportunities include direct reduction of iron ore, 
stoichiometric chemicals production, production of light-weight smart materials, and many others.  

 
Figure 4.3:  A Few Sectors Dominate Global Industrial Energy Use 

Source:  MD Levine, Lawrence Berkeley National Laboratory 
 
 

Industry often underutilizes specific devices that enhance efficiency.  Important examples include 
well-known devices such as electronic process controls, heat-recovery boilers, adjustable-speed motor 
drives, and even steam traps.  Improving the efficiency of motors and motor systems offers large energy-
saving opportunities in developing countries.  Motors consume more industrial electric power than any 
other device, using one-half to two-thirds of industrial power in Brazil, China, and the United States.78  In 

                                                 
74 Levine (1999a), Levine (1999b). 
75 Hu et al.  (1998). 
76 OTA (1992). 
77 OTA (1992), Levine (1999a), Levine (1999b). 
78 OTA (1992). 



CHAPTER 4:  Efficient End-Use Technologies 

4-25 

China, for example, a typical 10 horsepower motor is about 87 percent efficient compared to 91 to 92 
percent for motors produced in the United States and other industrialized nations.  When combined with 
adjustable speed drives and other improvements in integrated systems, savings of 25 to 40 percent are 
frequently observed.79  Production of high-efficiency motors and adjustable speed drives has begun in 
some developing countries, but their market penetration remains low.  Efficient motors, for example, 
accounted for only about 2 percent of motor sales in Brazil during 1997.80  Extending DOE and EPA 
programs to improve electric motor-drive-system efficiencies internationally could thus have substantial 
benefits. 
 

Box 4.4:  Advancing Steel-Making Technology 
 

COREX is a “first-generation” smelt-reduction process81 for iron- and steel-making that was developed in 
an industrialized country but which has been commercialized only in developing or industrializing countries.  The 
technology was originally developed in Germany and Austria, but the first commercial plant was constructed 
between 1985 and 1987 in South Africa, where, following the debugging that is typical of any new technology, it 
has been operating successfully since 1989—producing high-quality iron and demonstrating high availability and 
high productivity (30 percent lower production cost than for the blast furnace at the site).  The success of the first 
COREX plant in South Africa has led to a decision to build another larger COREX unit there.  Moreover, two 
companies are operating or are constructing COREX plants in South Korea, and plans have been announced for 
building two large COREX units at a site in India. 
 
 A variety of other advanced steel making technologies are under development, with substantial energy 
savings and other benefits.  For example, in addition to dramatic energy savings82, the advanced technology 
combination of smelt reduction and near net shape casting offers the benefits of: (a) process integration that would 
lead to lower unit capital costs and would facilitate air pollution control; (b) favorable economics achievable at 
much smaller scales than is feasible with conventional technology, thus expanding market opportunities; (c) the 
ability to use ordinary steam coal instead of the more costly coking coal; and (d) the ability to use powdered ores 
directly, without first having to incur the costs of pelletizing or sintering, as is necessary with conventional 
technology.  There may be significant opportunities to partner with developing countries to further develop and 
commercialize those processes that provide significantly higher energy efficiencies and lower production costs. 
 
Source:  Worrell (1995), Worrell (1998), de Beer et al. (1998). 

 
 

Simple energy management and technology such as good housekeeping generally can save one-
quarter to one-third of current industrial energy used in process industries, while technology replacement 
and innovation can often cut unit energy consumption by one-half or more.83  Chinese industrial boilers 
consume about 9 quadrillion BTU (about 9 EJ) of coal, or one-third of coal used in China.  Raising boiler 
efficiency from the average efficiency today of less than 65 to the 80 percent or more achieved by 
American-made boilers could save over 120 million tons of raw coal (2.6 EJ) at current rates of use.84  

                                                 
79 Ibid 
80 Geller et al. (1999). 
81 COREX is not as energy-efficient as the advanced smelt reduction process and requires ore agglomeration.  
82 For example, with state-of-the-art technologies, energy requirements per ton of steel in China could be reduced 

about 60 percent, and with the advanced technology combination of smelt reduction and near net shape casting, 
energy savings would be as much as 80 percent. 

83 Hamburger (1995). 
84 BECon (1995). 
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Particular care will be needed, however, to ensure that the technology chosen does not inadvertently 
increase greenhouse gas emissions through other pathways.85  Improving existing emerging-market 
industrial technology by retrofitting steam and motor systems provides rapid return on investment (see 
Table 4.5). 

 
Generating power on-site offers significant energy-savings opportunities.  Some large U.S. 

industries routinely generate electric power in combination with steam and heat used in production.  The 
U.S. pulp and paper industry is a leader in industrial cogeneration—or combined heat and power (CHP), 
as combined heat and power production is called.  Most industry today uses Rankine-cycle (steam 
turbine) systems with electricity-generating efficiencies of about 33 percent or less, about the same (or 
slightly lower) than conventional central station power generation.  New Brayton cycle (gas turbine) CHP 
systems achieve power generation efficiencies of 55 percent or higher.  Higher rates of electricity 
generation are desirable as electricity is much more valuable than steam both thermodynamically and 
economically.  Table 4.6 indicates the much higher ratios of power production to steam that are possible 
with different CHP configurations.  For both Rankine and Brayton systems, waste heat from the 
electricity generation cycle is used to produce steam for use in the industrial plant or other purposes.  
Compared to conventional electric power plants that throw away the waste heat, CHP systems use both 
the power and the heat, raising overall (electricity plus heat) efficiencies to as high as 80 to 90 percent.  

 
 
Table 4.5: Energy Efficiency Investments Provide High Returns: The Case of Poland 

 
Option Internal Rate of Return 

(percent) 

Replacing steam traps >335 
Replacing gas residential boilers >210 
Installing low pressure sodium street lighting >155 
Replacing industrial electric motors >55 
Installing industrial heat controls >40 
Installing compact fluorescent lights >18 

Source: Michalik et al. 1993 
 
These new advanced gas-turbine technologies are cost effective at much smaller scales than in the past, 
suggesting that “district heating” or “district cooling” can also be cost-effective at much smaller scales, 
and in many cases the “district” being served can be one or just a small number of buildings.86  This new 
approach could open up a large potential for CHP, especially given the need to upgrade or replace much 
of that capacity in the former Soviet Union, Eastern Europe, and China.  A number of European countries 
have demonstrated that industrial CHP and district heating systems can provide 10 percent and more of 
electric power demand (Figure 4.4).  Denmark, in fact, has adopted a goal of providing 100 percent of all 
new electric generating capacity from CHP.  While that country is in a cold climate and therefore has a 
relatively large heat demand, new technologies are flexible enough that heat demand is not a major 
constraint, and because cooling can also be provided.  Based on the European experience and using these 
advanced turbine systems, it may be possible to ultimately provide 20-40 percent or more of electric 
power from CHP systems in a number of developing and transition countries. 
                                                 
85 Note that using circulating fluidized boilers to accomplish this can negate the carbon emissions reductions due to 

increased N2O emissions, which can be two orders of magnitude higher than for conventional pulverized coal 
plants.  Using limestone to control sulfur emissions will increase CO2 emissions by up to 30% more than the 
carbon in the coal used in the boiler alone. 

86 Elliott and Spurr (1999). 
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Table 4.6: Electricity Generation Rates for Alternative CHP Systemsa 
 

 kWh/tonne of steam GJe/GJs 

Backpressure Steam Turbine 150 0.13 
Heavy-duty Gas Turbine with Heat Recovery Steam Generator 600 0.92 
Aeroderivative Gas Turbine with Heat Recovery Steam Generator 850 1.31 
Combined Cycle (Gas Turbine + Backpressure Steam Turbine) 1000 1.54 

a For steam at a pressure of 10 atmospheres and no steam to the condenser.  
b Source: Simbeck (1997). 
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Figure 4.4: Cogeneration Provides a Significant Share of European Electric Power 

Sources: European Cogeneration Review (1997), EIA (1996). 
 
 
Overall, these advanced (Brayton) turbine cycles are less polluting, produce more electricity and 

at a lower cost, and have a greater fuel savings potential than traditional Rankine (steam) turbine systems.  
The high level of power generation by an advanced turbine system is, however, more than is typically 
needed at an industrial site.  For these systems to be economically viable, they must therefore be able to 
sell their excess electricity to the utility grid at a fair price.  This contrasts with Rankine cycle systems, 
which typically do not produce sufficient power on-site to meet site needs.  CHP systems using advanced 
turbines therefore require either a deregulated generation market in which power can be sold or laws 
requiring the local utility to purchase power from the CHP system at a fair price, that is, a price that 
reflects the full value of the power to the grid. 

 
As previously noted, industries are growing rapidly in developing countries as they build their 

infrastructures of buildings, factories, and roads, and begin manufacturing consumer products.  These 
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industries offer a large opportunity for using CHP systems with advanced turbines. 
 
Technology improvement involves more than machines.  Simply developing and demonstrating 

the technologies for emerging markets is not enough.  Efficiency measures must be installed and used 
correctly.  In addition, the barriers that arise from market distortions, inadequate infrastructures, 
institutional and structural weaknesses, and other problems must be overcome.  Solutions to these 
problems include macroeconomic, energy sector reform/restructuring, and industry-specific responses.  
Education and training, technical assistance, demonstrations, and finance are needed.  This panel has 
developed a set of initiatives that illustrate measures the President and Congress can use to address these 
problems and simultaneously help U.S. industry.  Two initiatives specific to the industrial sector follow. 
 
High Priority Initiative: Inventing the Factories of the Twenty-first Century 
 

Goal   
 
The goal of this initiative is to engage U.S. industry in partnerships to reduce the energy intensity 

of major energy-using industrial processes in key developing and transition countries over the next two 
decades by 40 percent compared to their current performance, while improving labor and capital 
productivity. This effort will be guided by the on-going U.S. “Industries of the Future” program, focusing 
on areas of high foreign market growth in energy-intensive materials.  This initiative should be funded at 
$10 million per year in FY2001, increasing to $20 million per year in FY2005. 
 
 U.S. Actions 
 

(1) cooperation between the U.S. public and private sectors and foreign counterparts to 
develop “technology roadmaps” for more productive and energy-efficient industrial 
processes geared to local circumstances, with emphasis on energy-intensive basic-
materials industries such as iron and steel, chemicals, pulp and paper, and cement; 

 
(2) cooperative development and implementation, starting from these roadmaps, of RD3  

work-plans including human and institutional capacity building, pre-competitive research 
and development, technical exchanges, and pilot demonstration programs; 

 
(3) support by U.S. and partner governments for project development and implementation, 

joint-venture creation, and licensing to facilitate technology transfer between U.S. firms 
and their partners. 

 
Elaboration   

 
Much of the market growth in energy-intensive materials will be in developing countries over the 

next several decades as they build their infrastructures of buildings, factories, and transport, and 
developing countries therefore offer a favorable environment for rapid innovation as new materials 
production facilities are built.  This growth and building will occur with or without U.S. involvement.87  
The intent of this initiative is to strengthen the efforts of U.S. firms to partner with foreign counterparts in 
developing these innovative technologies when it is in the U.S. interest, ultimately strengthening U.S. 
competitiveness at home and abroad. 

 

                                                 
87 As noted previously, other factors important in creating an opportune environment for innovation, include the 

availability of skilled labor, financing, material resources, and sound government policies. 
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The U.S. DOE already implements an Industries of the Future program, with excellent industrial 
participation, which engages U.S. energy-intensive industries to develop visions of their technologies into 
the future.  DOE uses these roadmaps to guide its research in pre-competitive areas chosen as most likely 
to help achieve the private sector’s vision and goals.  DOE’s current Industries of the Future effort 
positions it to lead a similar international industrial-energy-technology RD3 effort.  The Agency for 
International Development can deliver training and support the early participation of potential partners, as 
described in Chapter 3. 
 

There is an opportunity to cooperate with OECD countries on best-practice industrial processes, 
energy-efficiency technologies, and efficiency goals for industry.  This collaboration would involve an 
exchange of experts and information with other countries such as the United Kingdom, the Netherlands, 
Germany, and Australia, which already have programs in which their governments work with industry on 
“best practices”, sectoral energy-intensity reduction targets, and voluntary agreements.  The United States 
could learn from this experience, and could continue to attempt to replicate and adapt successful 
European initiatives such as the “Best Practices” program in the Netherlands.88  These enhanced 
collaborations with other industrial countries would also contribute to collaborative efforts with 
developing and transition countries. U.S. public, multilateral (for example World Bank, IFC, GEF), and 
other financing mechanisms as described in Chapter 3 would be used in support of developing and 
deploying these energy-efficient industrial processes. 
 

Many U.S. firms that produce energy-intensive basic materials already operate in the global 
marketplace; implementation of this initiative would strengthen their efforts, particularly in developing 
country markets, and would also support additional exchanges with industrial country counterparts.  As 
noted previously, over the next several decades most of the market growth in energy-intensive materials 
will take place in the developing countries that are now building their national infrastructures of 
buildings, factories, and roads.  This will create a favorable environment for rapid innovation as new 
factories are built (Box 4.4).  U.S. firms have the choice of either taking a strong leadership role in 
developing these innovations, or of risking serious challenges in the future as those innovative 
technologies/products are developed independently abroad and eventually come back and begin to 
compete with U.S. firms domestically. 
 

Developing-country industrial output is expected to increase by some 2.5 to 3.0 times over 
current levels by 2020.  In comparison, developed-country industrial output is expected to increase by 25 
to 35 percent over this period.  Reduction of developing-country basic-processing energy intensity by 40 
percent over this period would save roughly 10 to 15 EJ per year by the end of this period compared to a 
business-as-usual performance improvement.89  
 

Almost no U.S. funding currently exists for international industrial-energy-efficiency efforts.  
Indeed, there is almost no international institutional structure that supports industrial energy-efficient 
technology development.  The U.S. government should leverage its funding by encouraging the European 
Union, the Japanese New Energy Development Organization, and agencies such as the World Bank and 

                                                 
88 Dowd and Boyd (1998). 
89�2XWSXW�OHYHOV�IURP�1DNLüHQRYLü�et al. 1998.  Estimated savings based on world industrial energy use of 134 EJ in 

1990 (Worrell, 1997a), basic materials processing accounting for half of industrial energy use, global industrial 
output doubling by 2020, developing country share of industrial output increasing from 14 percent in 1990 to 31 
WR����SHUFHQW�LQ�������1DNLüHQRYLü�et al. 1998), BAU energy efficiency improvement at -0.83 percent/year or a 
15 percent reduction over this period, and this initiative stimulating a 40 percent reduction in energy use.  
Together, these give 10 to 15 EJ savings on the basic materials processing energy consumption in developing 
countries. The fraction of this potential that can actually be realized was not estimated here. 
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Global Environmental Facility to partner with it to foster global industrial energy efficiency. 
 
High Priority Initiative: Maximizing Use of Combined Heat and Power 
 

Goal   
 

PCAST recommends that the United States work with other industrial, transition, and developing 
country partners to encourage the maximum use, where appropriate, of combined heat and power (CHP) 
for new power supply.  In particular, for developing countries the goal of this initiative is to develop 20 
percent of new power generating capacity from CHP.  This initiative should be funded at $10 million per 
year in FY2001, increasing to $20 million per year in FY2005. 
 

U.S. Actions 
 

(1) The United States public and private sectors would work with developing, transition, and 
industrial country partners on CHP information and education programs, including regional 
workshops, for public- and private-sector participants.   

 
(2) The international CHP program would support ongoing assessments of potential CHP sites to 

determine power and heat loads and output ratios in order to identify favorable conditions for 
CHP, and identify and address potential regulatory and market barriers, help attract funding for 
demonstrations of CHP, and help secure financing for deployment. 

 
(3) As part of energy sector reform and restructuring (Chapter 3), U.S. experts from DOE, USAID, 

and EPA would provide technical and policy assistance to other countries to develop and 
implement policies that “level the playing field” for CHP systems and for U.S. CHP equipment, 
including provisions for power sales to the grid at market rates, nondiscriminatory power buy-
back rates, interconnection and emissions standards, and nondiscriminatory international 
standards for CHP equipment.  
 
Elaboration  

 
Combined Heat and Power generates electrical or mechanical and thermal energy or cooling 

together at the point of use.  It is an attractive, cost-effective option where on-site generation of power and 
process steam or space conditioning can be built (or in some cases retrofit) into district or industrial 
complexes.  New CHP systems can provide high power-generation efficiencies—roughly comparable to 
new central-station power plants even at smaller scales—reduce transmission and distribution (T&D) 
losses compared to transmitting power from a central station plant if the power is used on or near the site, 
and at the same time make use of a substantial fraction of the waste heat.  Technology opportunities 
include advanced gas turbines, micro turbines90, and various advanced fuel cells for use in generating 
power, heat, chilling, and many other applications.  (See also Chapter 5 for a discussion of the 
complementary co/trigeneration initiative, and Box 2.2.) 
 

With rapid growth in demand for electric power-generation capacity in developing countries 
expected in the future, there is a large opportunity to place these CHP technologies at the point of use and 
to produce simultaneously the heat energy needed for apartments, commercial buildings, and 
manufacturing complexes. Careful analysis of the thermal demand during the year is needed in order to 
properly identify and optimize CHP applications.     

                                                 
90 Note that micro turbines operate at lower efficiency than standard-size advanced gas turbines. 
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A key element of tapping the CHP potential is to provide appropriate regulatory and structural 

support, including energy-sector reform and restructuring that allows sales of power to the grid at market 
rates (Chapter 3).  Lessons learned from U.S. and from international experiences in CHP can be 
developed and applied to a broad range of countries.   

 
The aim in each country would be to leverage the implementation of CHP to the point where its 

further development could be self-sufficient.  This initiative would therefore help assess the CHP market 
potential, evaluate market barriers, develop appropriate human capacity, and design applications, as 
appropriate.  It would also examine biomass, fuel-cell, and advanced-turbine hybrid-system opportunities. 
Management might best be provided by a steering committee composed of DOE, USAID, the World 
Bank, the International Cogeneration Alliance, and selected developing country representatives.  The U.S. 
government would also work to shift priority for power-sector lending by U.S. Agencies such as the 
Export-Import Bank and by Multilateral Development Banks such as the World Bank Group, from 
conventional central-station supply to CHP projects where appropriate (Chapter 3). 
 

The United States is the leading manufacturer of energy-efficient CHP systems, and this initiative 
would help keep U.S. industry competitive globally.  Congressional, state, NGO, and industry 
representatives have demonstrated strong support for government-industry cooperation to deploy CHP 
systems.  For example, DOE in 1998 announced a goal of doubling the CHP installed domestically by 
2010.  Market interest in CHP has gained strength in many European countries.  At the same time, it is 
important that U.S. firms have a “level playing field” on which to compete for market share.  This will 
require attention to developing performance-based standards—rather than prescriptive standards that 
could potentially lock out U.S. equipment—so that customers get the best equipment and price, and U.S. 
firms have a fair chance to compete.  Ongoing international workshops are a good forum for such a 
dialogue. 
 
 
CLOSE 
  

The energy efficiency initiatives identified in this chapter can effectively extend and complement 
those proposed in PCAST 97 and will provide substantial leverage to address the energy-linked 
challenges described in Chapter 1.  Table 4.7 arrays these initiatives against sectoral energy consumption. 
 

In closing, it is useful to examine the potential leverage some of the initiatives proposed in this 
chapter have on particular problems, such as local air pollution.  Rural and urban air pollution is a serious 
problem for developing and transition countries.  For example, Total Suspended Particulate (TSP) levels 
are much higher in developing than in industrial countries and roughly 90 percent of global exposure to 
TSPs is in developing countries (Table 4.8).  This can lead to significant health impacts (see Box 1-2).  In 
China, for example, indoor air pollution primarily from burning coal and biomass for cooking and heating 
has been estimated to cause over 100,000 premature deaths annually; air pollution in major cities has been 
estimated to cause about 180,000 premature deaths91; in India, premature deaths due to indoor air 
pollution have been estimated at 400,000.92  In rural areas, TSPs are primarily driven by exposure to 
smoke from open fires used for cooking. The cookstove initiative addresses this problem.  For urban air 
pollution, typically three-quarters or more of carbon monoxide, half or more of hydrocarbons and NOx, 
and one-quarter to one-half of TSP is due to motor vehicles.93  In developing countries such as India, two- 
                                                 
91 World Bank (1997). 
92 Smith (1999). 
93 Faiz (1993). 
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and three-wheel vehicles and buses account for roughly half of urban transport energy use94 and 90 
percent of passenger vehicle generated carbon monoxide, hydrocarbons, and TSP due to the poor 
performance of the typical two-stroke engine usually used on two- and three-wheelers and the high 
emission rates of diesels used in buses.95  By drastically reducing two- and three-wheeler and urban bus 
emissions, the vehicle initiative would thus have significant air quality benefits. In addition, the 
production of fuels from biomass (Chapter 5) could assist the near- to mid-term phaseout of lead from 
gasoline.  Lead is widely recognized as a serious toxin impeding neurological development in children.96 
 

Even with intensive energy efficiency efforts, however, additional clean energy supplies will be 
needed.  In Chapter 5 we examine how best to meet these energy supply needs. 

 
Table 4.7: Global Energy End-Use and PCAST Initiatives 

 
Sector Industrial 

Countries 
Transition 
Countries 

Developing 
Countries 

World PCAST Initiatives 

End-Use, Primary Energy Consumption, Exajoules, 1992 

Buildings 66 22 25 113 --Energy efficient buildings and appliances 
--(Improved cookstoves)* 

Industry 60 32 43 134 --Factories of the 21st Century  
--Combined Heat and Power 

Transport 39 9 14 63 --Advanced 2-/3-wheel vehicles and buses 
--Public Transport and Land Use Planning 

Total 165 63 82 311  
U.S. domestic energy use  accounts for about 45 percent of the Industrial Country energy use indicated.   
*Traditional fuel use for cooking is not included in these energy estimates. 
Source: WEC (1995) 
 

Table 4.8:  Global Distribution of Exposure to Suspended Particulate Matter 
 

 Average Total 
Suspended Particulate 
Concentration (ug/m3) 

Percent of World 
Population Exposure 
(% person-hour-ug/m3) 

 Indoor Outdoor Indoor Outdoor 

Industrialized Country     

• Urban 100 70 7 1 
• Rural 80 40 2 0 

Developing Country     

• Urban 250 280 25 9 
• Rural 400 70 52 5 

Source: Smith (1996) 

                                                 
94 Potential oil savings would be perhaps 2 to 3 percent of overall global  oil use with full market penetration.    

Estimated, based on 80 MMBbl/day oil production projected for FY2000 (EIA, 1999), of which about 13 
MMBbl/day is used in developing and transition countries for transport, of which roughly three-quarters is used 
for road transport, of which perhaps two-thirds is used in urban areas, of which roughly half might be used in 2- 
and 3-wheelers and buses (Bose, 1998 ), for a ballpark estimate of 3 MMBbl/day or 3 to 4 percent of total global 
oil consumption.  Tripling fuel economy would save two-thirds of this energy or 2 to 3 percent of total global oil. 

95 Bose (1998). 
96 Lovei (1997), Walsh and Shah (1997), Onursal and Gautam (1997) 
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CHAPTER 5 

ENERGY SUPPLY TECHNOLOGIES 
 
 

The arguments for marginal, incremental change are not convincing—not in this 
day and age.  The future, after all, is not linear.  History is full of sparks that set 
the status quo ablaze. 

 
    Peter Bijur, CEO and Chairman, Texaco1 

 
 
 

conomic development and quality of life improvements for most of the world’s population will 
require major expansion in the provision of energy services in the decades ahead.  Most of the 
expected growth will take place offshore, especially in developing countries, and these offshore 

markets represent some of the most significant growth opportunities for U.S. energy firms in the coming 
decades. 
 

• According to the baseline forecast of the U.S. Energy Information Administration (EIA), global 
energy and electricity demand are expected to increase between 1996 and 2020 by 78 percent and 
92 percent, respectively, but U.S. markets are expected to account for, respectively, only 9 
percent and 12 percent of these global increments.2 

 
• According to the scenarios developed in the 1998 IIASA/WEC world energy study (see Chapter 

1), the required global capital investment in energy-supply technologies (including replacement 
of retiring equipment) will average $400 billion to $600 billion per year between 1990 and 2020.3 

 
• These investments will continue to take place across a diverse portfolio of energy-supply 

technologies—fossil, renewable, nuclear.  The ability of U.S. firms to participate in the large 
overseas components of all of these markets will depend both on the adequacy of U.S. domestic 
R&D programs in these fields and on the investments made in international ERD3 cooperation. 

 
• Over three quarters of global energy supply—commercial and traditional fuels combined—is 

from fossil fuels, and a dominant fossil fuel position will continue for some time to come.   
 

• The EIA projects that more than 90 percent of the net global increment in coal demand between 
1996 and 2020 will be in developing countries, most of this in China.  Meeting this demand 
without extremely high environmental and social costs will require improvements in and adoption 
of advanced coal technologies, and the United States has strong economic and environmental 
interests in helping to bring this about. 

 

                                                      
1 Bijur (1998) 
2 EIA (1998). 
3 1DNLüHQRYLü�et al. (1998). 
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• Although U.S. domestic oil production is projected to decline 0.9 million barrels per day, 1996 to 
2020, production at the global level will, under the EIA’s baseline forecast, increase from 72 to 
116 million barrels per day.4  This will lead to growing dependence on oil from the Persian Gulf, 
where most low-cost supplies are concentrated.  The growing oil-supply security risks associated 
with this dependence, together with increasing concerns about air-pollution impacts of oil-product 
use are stimulating interest in alternative supplies such as clean liquid fuels derived from natural 
gas or biomass feedstocks. 

 
• Natural gas is the cleanest burning and least carbon-intensive fossil fuel, offering greater potential 

for production capacity expansion than oil.  Known conventional natural gas resources are 
unevenly distributed, so that increased natural gas use will require greatly increased transport of 
this fuel.  This in turn will require substantial investments in infrastructure—above all, 
pipelines—and substantial efforts in creating the regulatory and institutional environments in 
which these investments and investments in new gas-liquids technology will be forthcoming.  
Developing more widely distributed unconventional natural gas resources will require new 
technologies.  On all of these fronts—infrastructure for transmission and distribution of 
conventional natural gas, gas liquids production, and technology for exploiting unconventional 
gas resources—the United States has much to contribute and much reason to want to do so. 

 
• Renewable energy sources could supply an increasing share of world energy demand with 

appropriate investments in technology and infrastructure.  Sales of renewable energy technologies 
have been primarily offshore for some time. Over 80 percent of the photovoltaics market and over 
90 percent of the wind turbine market have been outside the United States in recent years and this 
trend is likely to continue under business-as-usual conditions.5 In future years, the international 
biomass, photovoltaic, and wind energy markets are likely to be particularly promising for U.S. 
firms. 

 
• Nuclear power plants are only being built offshore, particularly in Asia; no new plants are under 

construction, planned, or even anticipated in the United States. Thus, not only do U.S. nuclear 
firms rely entirely on offshore markets for growth, but meeting U.S. interests in energy-linked 
safety and proliferation concerns also dictates continued involvement in the development and 
dissemination of improved nuclear technologies. 

 
 Most currently commercial energy technologies are environmentally damaging with, for instance, 
serious local health impacts from particulates, regional crop and forest impacts from acids of sulfur and 
nitrogen, and global impacts from greenhouse gas emissions; or are insecure with, for instance, increasing 
dependence on oil from the Middle East or growing concerns about nuclear proliferation.  Yet there are 
many advanced clean energy technologies (CETs) that offer promise in dealing with these multiple 
challenges posed by conventional energy-supply technologies.  Many of these same CETs are 
disadvantaged in the marketplace because of the barriers and market failures discussed in Chapters 1, 3, 
and 4, and thus government involvement in reducing these barriers and addressing these market failures is 
warranted.   
 

In this Chapter, the technological and economic prospects for advanced renewable, fossil, and 
nuclear technologies are briefly reviewed, building on the findings of the previous PCAST Energy R&D 
Panel (1997).  Following these reviews, initiatives for international collaboration on ERD3 are proposed 
for advancing promising clusters of CETs in ways that would enhance the prospects that: (a) future global 
                                                      
4 EIA (1998). 
5 Siegel and Rackstraw (1999). 
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energy needs might be met while simultaneously addressing effectively the challenges posed by 
conventional energy; (b) U.S. economic, environmental, and security interests would be advanced, 
including by engaging developing countries in a range of efforts to address global energy-linked 
economic, security, and environmental challenges; and (c) U.S. firms would acquire information helping 
them tailor their products to improve their competitiveness in global markets. 
  

Energy-supply initiatives would be carried out with industrialized, developing, and transition 
country partners in host countries where adequate energy market reforms are in place, complemented by 
measures that promote  ERD3 activity as a public benefit (see Chapter 3).  Initiatives would have elements 
spanning the entire ERD3 value chain—involving capacity-building, collaborative R&D, demonstrations, 
buy-down, and widespread deployment aspects.  The mix of these activities would vary from one 
technology to another, but there would be some common elements to these activities across technologies.  
For all collaborative ERD3 activities host country interests could be advanced by partial support from a 
PBF. 
 
 Both collaborative R&D and demonstrations are needed for developing and transition country 
applications of CETs heretofore developed with mainly U.S. markets in mind, because such technologies 
must often be modified to conform to local needs.  In addition, some technologies (such as small-scale, 
labor-intensive biomass power-generating systems) might warrant high priority for developing country 
applications, but would have insignificant market prospects in the United States, where labor costs are 
high.  Such collaborations might best be carried out by U.S. teams partnering with local groups.  The 
most effective strategies are likely to be those in which private-sector firms that would eventually be 
involved in deployment also play major roles in both R&D and in demonstration (see Chapter 3).  The 
United States can also benefit from partnerships with other industrialized countries in the pursuit of 
generic or pre-competitive research relating to CETs.  
 
 For some energy-supply initiative activities Global Environment Facility (GEF) resources would 
help pay for incremental costs that reflect global climate change benefits—in demonstrations, buy-downs, 
and widespread deployment, as appropriate, leveraging inputs of additional financial resources from the 
World Bank (WB) and International Finance Corporation (IFC) to help finance base-cost components for 
such activities.  
 
 For demonstration projects, private-sector partners would be responsible for much of the 
investment cost (see Chapter 3).  The U.S. government might also make contributions—e.g., in the form 
of tax credits that could be provided for demonstrations carried out under a DSF organized in accordance 
with U.S. Treasury specifications for qualifying activity (see Chapter 3).  The national laboratories could 
provide technical support (e.g., for studies, and ancillary collaborative R&D) as needed to facilitate 
demonstration projects. 
 
 
RENEWABLE ENERGY 
 
Background 
 
 Renewable energy technologies (RETs) can provide electricity, heat or combined heat and power 
(CHP) for buildings and industry, and fuels for transport, while addressing global challenges.  Properly 
managed, RETs generally have very few adverse health or environmental impacts, because greenhouse 
gas (GHG) and air-pollutant emissions, water contaminants, and solid wastes are minimal.  By using 
RETs, the risk of global warming and dependence on oil imports can be reduced, many of the regulatory 
controls on air emissions that are in place today become irrelevant, decommissioning costs are minimal, 
and long-term liability for possible environmental or health damages is virtually eliminated. 
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 The global potential for renewables is large.  Estimates of the wind-electric potential that is 
practical to exploit range from two to five times the current global electricity generation rate.6  There are 
good prospects that it will become economically feasible to deploy flat-plate photovoltaic (PV) systems 
near users, even in areas of modest insolation, on residential and commercial building rooftops, or in 
small arrays near buildings.  With the thin-film PV technology projected for 2030 (13 to 14 percent 
system efficiency—see Table 5.1), a modest 50m2 (500ft2) array could provide present U.S. per capita 
electricity generation rates in areas of average U.S. insolation (1,800 kWh/m2 per year).  Because of the 
low efficiency of photosynthesis, the potential for biomass energy will eventually be constrained by 
competition for land.  If biomass-derived energy is used in energy-efficient end-use devices, however, the 
role of biomass in the global energy economy could be substantial.  For example, if biomass is converted 
to hydrogen for use in 100 mpg (gasoline-equivalent) fuel-cell cars, estimated recoverable forest-product 
and grain-crop residues worldwide in 2025 would be adequate to support 1.4 billion automobiles, more 
than two-and-a-half times the present global number.7 
 
 Developing countries are attractive markets for RETs.  The modest scales typical of most RETs 
make them good fits for the energy systems there.  The inherent cleanliness of RETs makes them 
attractive options for helping to meet environmental goals, without the need for complicated regulatory 
measures, which are difficult to enforce in countries with weak infrastructures for environmental 
regulation.  Moreover, as pointed out in Chapter 3, many developing-country energy markets would be 
attractive theaters for early deployment and accelerated cost reductions for RETs and other CETs.  
 
 RETs based on commercially-available technologies, or improved technologies that could be 
developed in the near term, often make it feasible to bring modern energy services to rural areas much 
more quickly and at lower cost than would be feasible by extending electricity grids.  Furthermore, the 
energy provided would be suitable for more services and be far cleaner than that provided by the 
traditional, non-commercial energy supplies currently used. 
 
 There has been substantial progress in cost reduction for RETs.  New RETs can often provide 
electricity today at competitive prices in various remote markets and in some grid-connected applications.  
Examples for areas of developing countries remote from electricity grids include PV, which is 
competitive in markets such as household lighting, and small wind turbines and reciprocating engine-
generator sets powered by gasified biomass, which are often competitive as alternatives to diesel power in 
village minigrids or small industrial installations.  Moreover, for grid-connected applications, wind power 
is often competitive where high-quality wind resources are available near major electricity markets. 
 
 If technological progress continues through R&D, and if the technological gains can be translated 
into viable commercial products, the prospects for bringing RETs to broad market competitiveness are 
good.  Future economic prospects for wind, thin-film photovoltaic, and the “power-tower” variant of solar 
thermal-electric power are indicated in Table 5.1.  These projections imply that it might be feasible over 
the next five years to establish industries for some intermittent renewable electric technologies in markets 
large enough to begin rapid “virtuous cycles” of scaling up production, thereby driving down costs and 
broadening the market base, making possible further increases in production volumes and still lower 
costs, as a result of both learning-by-doing and continuing technological improvement. 
 

                                                      
6 The former estimate is from WEC (1994) and the latter from Grubb and Meyer (1993). 
7 Recoverable residues are assumed to be ¾ of total mill residues, ½ of total logging residues, and ¼ of total grain-

crop residues—the energy content of which is comparable to 3/5 of current Persian Gulf oil output. Williams 
(1995). 
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If, as projected in Table 5.1, the cost of wind power will soon fall below 3¢ per kWh, it might be 
feasible to design cost-competitive “baseload” wind-power systems by coupling wind farms to suitable 
electrical-storage systems.8  For the levels of storage required (typically a day or more of storage 
capacity), compressed-air energy storage (CAES), a commercially-ready technology, is especially 
promising (see Table 5.2).  The commercial availability of such baseload wind-power systems would 
make it practical to exploit, and bring to major electricity markets via long-distance transmission lines, 
good wind resources that are remote from such markets, such as the wind resources of the Great Plains in 
the United States (see Table 5.1, footnote b) and of Inner Mongolia in China (see Box 5.1). 
 
 At present, PV systems are mainly competitive in remote telecommunications, rural applications 
in developing countries (e.g., for residential light and medicine refrigeration), and other niche markets.  
But this may soon change.  Some PV vendors are projecting that over the next 5 years costs for grid-
connected PV systems will fall to about $3,000/kW from their current level of about $6,000 per kilowatt 
for the least-costly rooftop PV systems on the market today, an outlook that is shared by EPRI/DOE 
analysts (see Table 5.1).9  At this projected system price the Utility Photovoltaic Group has estimated that 
the U.S. market for grid-connected, distributed PV systems would be 3,300 to 4,300MW, which is 25 to 
35 times the annual global PV-module production rate at the present time.10  A recent report prepared for 
the Environmental Projects Unit of the International Finance Corporation (IFC) concluded that if the 
world PV industry could be given assurances (e.g., by the IFC) that there would be a sustained global 
market of several hundred MW of grid-connected PV systems per year, the prospects would be moderate 
to high that PV system costs of $3,000 per kW could be reached in 3 to 5 years, a price at which there 
may be substantial developing-country markets where grid-connected PV systems would be 
competitive.11 
 

Biomass from either agricultural or forest product industry residues, or new crops dedicated to 
energy production or optimized for the co-production of energy and other products, can provide both 
electricity and clean fluid fuels for transportation, cooking, and other uses.  Especially promising are 
strategies that involve co-production of fluid fuels and other products (e.g., electricity, process heat, 
chemicals, fiber products, and food products), employing either thermochemical or biological processes 
for biomass conversion. 

 
For thermochemical processes that begin with gasification, progress can be rapid, exploiting 

advances already made for fossil-fuel applications.  For example, recently developed liquid-phase reactors 
for the production of Fischer-Tropsch liquids from fossil fuels used in “once-through” processes might be 
applied to the co-manufacture of clean synthetic LPG cooking fuels plus electricity from crop residues in 
countries such as China (see Box 5.3).12 
 
 DOE has a major ERD3 program for making ethanol from woody feedstocks using enzymatic 
hydrolysis—a technology that offers promise for transport applications.13  A target of opportunity in 
Brazil and other developing countries is co-production of ethanol and CHP from cane residues in the 
sugar-cane industries—using the cellulose and hemicellulose in the residues for ethanol production and 
the lignin for CHP. 
                                                      
8 Cavallo (1995). 
9 Forest and Braun (1997), Lawry (1996). 
10 UPVG (1993). 
11 RECS (1999). 
12 Bechtel (1990), Jager (1997), Choi et al. (1997). 
13 PCAST (1997). 
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Table 5.1:  Project Levelized Cost of Alternative Central Station Renewable-Electric Technologiesa 

 

 1997 2005 2010 2020 2030 

Wind      
Wind farm capacity (MW) 25  50  50  50  50  
Wind power classb 4 6 4 6 4 6 4 6 4 6 
Electricity costc (¢ per kWh) 6.3 4.9 3.4 2.8 3.1 2.5 3.0 2.4 2.8 2.4 

PV (thin-film)       
Plant capacity (MW) 0.02 10 20 20 20 
System efficiency (percent) 4.8 8.8 11.2 12.8 13.6 
Total installed system cost ($/W) 9.3 2.9 1.5 1.11 0.88 
Insolation  (kWh per sq. m) 1800 2300 1800 2300 1800 2300 1800 2300 1800 2300 
Electricity costc (¢ per kWh) 61.3 48.1 18.7 14.6 9.7 7.7 7.1 5.6 5.6 4.5 

Solar thermal (power tower)      
Plant capacity (MW) - 100 200 200 200 
Insolation [kWh per sq. m (direct normal)] - 2700 2700 2700 2700 
Electricity costc (¢ per kWh) - 7.6 5.8 4.7 4.7 
 
a  Source: EPRI and DOE (1997). 
b  Classes 6 and 4 represent “high-quality” (6.4 to 7.0 m/s average wind speed at 10 m) and “moderate-quality” (5.6 to 6.0 m/s average wind speed at 10 m) wind 
resources, respectively.  In the United States, the practically recoverable wind-electric potential (excluding all wilderness and urban areas, 50 percent of forest 
lands, 30 percent of farm lands,  and 10 percent of barren and range lands) is about 3 times the current U.S. electricity generation rate for Classes 4-6.  About 80 
percent of the exploitable Class 4 wind resources and over 90 percent of the exploitable resources in Classes 4-6 are located in the 12 States of the Great Plains 
(Elliott et al., 1991). 
c Capital charges in each case are calculated assuming a 10 percent cost of capital, a 25-year plant life, and an insurance charge of 0.5 percent per year.  
Corporate income and property taxes are neglected.  Thus, the annual capital charge rate is 0.12 
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Table 5.2: Capital Costs for Electricity Storage (1997 Dollars) 
 

Technology Component Capital Cost Total Capital Cost 
($/kW) 

 Discharge 
capacity 
($/kW) 

Storage 
($/kWh) 

2 hour 
 storage 

20 hour 
 storage 

Compressed air     
     Large (350 MW) 350 1 350 370 
     Small (50 MW) 450 2 450 490 
     Above ground  (16 MW) 500 20 540 900 
Conventional pumped hydro 900 10 920 1,100 
Battery (Target, 10 MW)     
     Lead acid 120 170 460 3,500 
     Advanced 120 100 320 2,100 
Flywheel (Target, 100 MW) 150 300 750 6,200 
Superconducting magnetic storage 
 (Target, 100 MW) 

120 300 720 6,100 

Supercapacitors (Target) 120 3,600 7,300 72,000 
a  Source: Schainker (1997). 
 
 

Box 5.1:  “Baseload” Inner Mongolian Wind Power for Distant Chinese Markets 
 
China has some of the best wind-energy resources in the world.  For example, good wind resources are 

available over about 80,000 km2 of Inner Mongolia (0.9 percent of the total land area of China).  Wind farms based 
on the use of modern wind turbines in this region could provide about 1800 TWh/year of electricity,a which is 1.7 
times the total rate of electricity generated from all sources in China in 1996.  But the population density in Inner 
Mongolia is so low that a tiny fraction of the wind resource would be adequate to serve future local electricity needs.  
Thus these wind resources cannot play a significant role in China’s energy economy unless cost-effective ways can 
be found to bring this wind energy to distant urban centers, where rapidly growing electricity demand is 
concentrated. 
 

Fortunately, this is feasible, without technological breakthroughs, by pursuing a strategy first proposed for 
exploiting the wind resources in the U.S. Great Plains,a and recently applied in an assessment of prospects for 
exploiting wind energy resources in Inner Mongolia.b   The basic idea is to couple a large (over 1 GW) transmission 
line to a system consisting of a several-gigawatt wind farm plus electrical storage in such a way as to deliver 
“baseload wind power” to the transmission line. 
 

There are reasonably good prospects that electricity produced via multi-gigawatt-scale baseload wind-
energy projects in Inner Mongolia using modern wind turbines mass-produced in China and deployed in conjunction 
with compressed-air energy storage (CAES) could be competitive, without subsidy, with electricity from coal in 
northern China (produced in plants equipped with flue-gas desulfurization), when delivered to distant markets in 
large northern cities such as Beijing (500 km away) or Harbin (1,400 km away), once industrial activity is well 
established.a  A key enabling technology is CAES, a commercially-ready storage technology that would provide 
storage for a day or more at lower cost than for any other technology (see Table 5.2).  One possible institutional 
mechanism for launching this technology in the market is the wind energy resource development concession (see 
Box 5.2). 

 
a Cavallo (1995). 
b Lew et al. (1998). 
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Box 5.2: The Wind Energy Resource Development Concession 
 
Brennanda has proposed the wind energy resource development concession as an instrument for harnessing 

large, high-quality wind resources in regions remote from major electricity markets.  To exploit substantial fractions 
of these resources it is necessary to transmit the power to distant markets via long-distance transmission lines.  To be 
cost effective, these long lines must have high capacity (typically more than 1 GW) and be loaded at a high capacity 
factor.  These requirements in turn imply that even larger (multi-gigawatt) wind farms be constructed to serve these 
lines, often in conjunction with energy storage systems (e.g., compressed-air energy storage), to facilitate 
“baseloading” the lines.a 

 
The resource development concession has proved to be effective in developing resources in the mineral 

extraction industries (e.g., petroleum and natural gas), and the concept applied to wind power development might 
work as follows.  The government would offer concessions to companies to explore and develop wind energy in a 
delineated region of high-quality wind resources over a specified period of time.  Besides issuing the concessions 
via some competitive process, the government’s roles would be to issue and enforce the rules and regulations that 
would define and guide the concessions (including the payment of royalties and specifications for technology 
transfer), and to issue and enforce the rules and regulations that would define and guide the relationships among the 
electricity producers, transmitters, and buyers, most importantly including long-term electricity-purchase 
agreements.  The long-term electricity-purchase agreement must specify both quantities that will be purchased from 
the wind-power producer by the electric utility, or other appropriate purchaser, and the purchase price.  For example, 
the concession might be won under a CETO (Chapter 3), in which the government specifies how much wind power 
will be purchased, and the price is determined in the CETO auction for this quantity of wind power.  
 

This approach offers advantages both for the government and for prospective wind-energy developers.  The 
government would gain, at very little risk, greater control over the rate and scale of wind-energy development, since 
all front-end risks are borne by the wind-energy developers.  Concessions issued via competitive bidding processes 
can help assure the government that it is getting a fair deal, while the negotiating process enables the authority to 
gain experience as to how much the market can bear.  Moreover, the issuance of concessions for gigawatt-scale 
wind projects would start to attract to wind-energy development a new generation of larger companies organized as 
international joint ventures and other collaborations that could bring together the needed financial and technical 
resources for such large projects.  And the concession, with its detailed rules and regulations, would add a great deal 
of transparency to the negotiating process relative to present-day private-power market development negotiations in 
many developing countries.  This transparency would encourage competition and reduce the financial risks for 
would-be developers 

 
The institutional establishment of the concession, together with the emergence of this new generation of 

wind-energy developers, would lead to lower costs through the scale economies of wind-turbine production and 
large wind-farm development, making it possible to speed up the timetable on which wind energy will be able to 
make a substantial contribution to overall electricity supplies. 
 
a Brennand (1996). 
b Cavallo (1995), Lew et al. (1998). 

 
 

Such prospects for particular RETs are leading to increasing bullishness about renewables on the 
part of some energy companies.  For example, the Shell International Petroleum Company projects that 
by 2025 renewables could plausibly provide up to two-thirds as much primary energy as fossil fuels do 
now.14  Shell’s forecast for renewables use in these projections was buttressed by its 1997 announcement 
that it will invest more than $500 million in renewables over the next 5 years.  Also, in 1995, Enron and 
Amoco Corporation formed Amoco-Enron Solar, a joint venture that owned Solarex, the world’s second 

                                                      
14 Kassler (1994), Shell (1995). 
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largest PV company, until BPs merger with Amoco earlier this year and subsequent buyout of Enron’s 
interest in Solarex.  Enron’s involvement in renewables was expanded in 1997 with its acquisition of 
Zond Corporation, an American wind-powerplant developer, and Tacke Windtechnik, a German wind-
turbine manufacturer.  Moreover, in 1997 British Petroleum announced plants to increase solar-power 
sales to $1.1 billion per year within the next decade. 
 

Box 5.3: Co-production of Synthetic LPG and Electricity from Grain Crop Residues in China 
 
The use of solid fuels (mainly biomass and coal) for cooking and heating gives rise to health-damaging 

indoor air pollution, which is perhaps the world’s most serious air pollution problem, accounting for about 80 
percent of worldwide human exposure to particulate air pollution.a 
 

In rural areas of China, where crop residues have historically been a major source of fuel for cooking and 
heating, there is a growing trend away from their use.  As rural incomes rise, farmers have been shifting from crop 
residues—which must be gathered from the field and stored throughout the year—to coal briquettes—which can be 
purchased on an as-needed basis from itinerant merchants.  Although this shift provides the farmer with a more 
convenient fuel, it often aggravates the indoor air-pollution problem as a result of the sulfur emissions from coal 
(biomass contains very little sulfur).  Moreover, this ongoing shift is creating an entirely new problem.  In many 
areas the residues dry out in the field quickly, which inhibits their decay and re-incorporation into the soil.  Thus, in 
order to prevent insect infestation of the accumulating residues, the excess residues are increasingly being burned off 
in the fields.  The air pollution problem at burn-off is so severe as to cause airport closings in some cases.  Because 
the problem is so serious, officials are aggressively exploring new opportunities for using crop residues that would 
obviate the need for burn-off in the field. 
 

One possibility for solving the field burn-off and cooking air pollution problems simultaneously, while also 
making a contribution to electricity supplies, would be to use residues for the co-production of electricity and 
synthetic liquid petroleum gas (LPG), a mixture of propane and butane, via use of a “once-through” Fischer-Tropsch 
liquids plant coupled to a biomass integrated gasifier combined cycle (IGCC) plant.  A preliminary design of such a 
plant has been carried out at plant scales appropriate for use in Jilin Province, “the corn belt” of China, which 
produced 15 million tonnes of corn in 1995 (13 percent of China’s total).  There, 10MW biomass IGCC plants 
producing synthetic liquids as a co-product (250 barrels of crude-oil-equivalent per day) would be fueled with 
residues gathered from corn fields within a 11 km radius.  Such plants could convert 15 percent of the biomass 
feedstock to electricity and 28 percent to LPG.  Preliminary estimates are that the LPG produced this way might be 
competitive with conventional LPG, once biomass IGCC technology is established in the market.b   
 

A major studyc carried out jointly by the Energy Research Institute (ERI) of the State Development 
Planning Commission of China and the National Renewable Energy Laboratory (NREL) of the United States 
provides a basis for understanding the potential implications for China of successfully developing this technology 
for co-producing synthetic LPG and electricity from crop residues.  This ERI/NREL study estimated on a region-by-
region basis biomass residues available in China for energy purposes.  The study projected that for 2010 some 376 
million tonnes (170 million tonnes of coal equivalent) of residues (out of the total residue generation rate of 726 
million tonnes) would be available for energy production (the rest would be used for paper making, forage, or 
returned to the fields to sustain soil quality).   If all these available residues were used for the co-production of 
synthetic LPG and electricity, some 1.4 EJ per year of LPG would be produced, along with 210 TWh per year of 
electricity.  This much LPG could provide in the form of a superclean fuel the cooking needs for 560 million people 
in China (about 70 percent of the rural population projected for 2010) while generating electricity at a rate 
equivalent to the output of two-and-a-half Three Gorges power plants.  And whereas the electricity from the 18 GW 
Three Gorges plant would have to be transmitted long distances to most of its customers, this grain crop residue-
generated electricity would be produced in 3,400 power plants (each 10MW), which would typically be located 
close to the consumers they serve. 

 
a Smith (1993);  see also Chapter 4. 
b Larson and Jin (1999). 
c Li et al. (1998). 
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Policy Issues 
 
 Visions such as Shell’s of renewables-intensive energy futures will not come about under current 
market conditions because of a variety of market and institutional barriers that inhibit CET innovation 
generally, RET innovation in particular, and applications of RETs in developing countries, where much of 
the RET market growth is expected.  
 

In addition to generic barriers that keep private firms from using their own resources to buy-down 
the costs of advanced CET technologies (by forward pricing or other means), thereby accelerating 
deployment (see Chapter 3), the deployment of RETs in particular is often inhibited by barriers that arise 
from RETs’ characteristics.  For example, the small scales of many RETs typically imply high transaction 
costs per project.  Moreover, existing energy-industrial structures might be inadequate for implementing 
some RET strategies.  For example, the strategy outlined in Box 5.1 for harnessing remote wind resources 
would require the construction of wind farms far larger than those with which the existing wind-energy 
industry has had experience, so new ways must be found to involve developers with the financial and 
technological resources needed to carry out such large projects.  The wind energy resource development 
concession (Box 5.2) is one possible mechanism that should be considered for accelerating RET 
deployment.  Whatever mechanism is used, key factors for successful development include fair terms in 
the underlying power purchase agreement; the availability of transmission capacity; equitable tax 
treatment; "right prices" including externalities; contractual, regulatory, and political stability, and others. 
 

Although developing countries offer large RET market opportunities, exploiting these 
opportunities poses logistical challenges, as these areas often lack much of the necessary market 
infrastructure of effective financing mechanisms (e.g. banks, credit windows), distribution companies, 
and maintenance support.  Also, U.S. companies’ efforts to participate in developing-country markets 
have been undercut by aggressive export promotion by European governments (“tied aid”) aimed at 
capturing and locking in those markets for their own firms.15  For example, 9 of 13 wind farms in China 
received grants or concessionary government loans from European countries, typically covering half of 
the installed costs without interest for a decade or more. 
 
 U.S. policy is to oppose tied aid (because it inhibits making maximum use of market forces in 
choosing the most promising options in the technology-transfer process), and to match tied aid where it 
cannot be stopped.  This policy is extraordinarily difficult to administer for RETs, because RET industrial 
activity is made up of a very large number of small projects all around the world.  The engagement of the 
WB/IFC/GEF in deployment activities, as proposed by the Panel (see Chapter 3), would be a good 
generic approach to dealing with the “tied aid” challenge, because these agencies do not allow tied aid 
contributions to their projects. 
 
 In addition, European and Japanese governments are providing strong support for domestic RET 
deployment programs (see Boxes 5.4 and 5.5) that are helping build domestic industrial capability—a 
result of which is that their domestic firms are becoming strong competitors in developing country 
markets, where U.S. firms, without strong domestic support, are finding it difficult to compete. 
 
 
 
 
 
 

                                                      
15 PERI (1995). 
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Box 5.4: The Global Wind-Energy Market 
 
The wind-energy market is booming.  Worldwide, 1,560MW of capacity was added in 1997, a further 

2,100MW (worth $2 billion) was added in 1998, and the installed global capacity has passed 10,000 MW.  Although 
the modern wind-energy industry began in California, the center for market growth has shifted to Europe, which 
accounted for more than 80 percent of added capacity in 1998.a Within Europe, the leader has been Germany in 
recent years, where additions have been spurred by the Electricity Feed Law, under which utilities must buy wind 
power produced by independent power producers at a price equal to 90% of the average tariff (currently about 
$0.10/kWh). 

 
Although U.S. entrepreneurs pioneered modern wind-turbine designs, they have found it difficult to 

participate in the global boom.  Wind markets in Europe have proven difficult to penetrate for entrepreneurial U.S. 
firms (U.S. market share has historically been limited to less than 1 percent), with their limited resources and the 
presence of numerous European wind companies that have the backing of European government R&D support at a 
level of some $150 million per year (compared to about $30 million in the United States). The U.S. market has been 
largely stagnant, because of low-cost natural gas, ongoing deregulation of the electricity sector, and public-policy 
changes that no longer provide much incentive to expand wind capacity. 
 
a Siegel and Rackshaw (1999). 

 
 

Box 5.5:  The Global PV Market 
  

The global PV market has been growing at an average rate of 15 percent per year since 1983, reaching 115 
MW and worth over $1 billion per year in 1997, with 65 percent and 35 percent of the sales for off-grid and grid-
connected applications, respectively.  Over the last few years, growth has been more rapid, largely as a result of 
German and Japanese domestic programs aggressively promoting the deployment of grid-connected rooftop PV 
systems. The German government has announced a five-year, 100,000 rooftop (300MW) PV program, supported by 
1 billion DM ($0.6 billion) of public funds and incentives including loans with terms up to 10 years that require no 
repayment for the first two years and have zero percent initial interest.  Japan’s New Sunshine Project, a $69 million 
investment from the City of Tokyo, and a $103 million investment to install private solar roof arrays, are expected to 
help the country install 400MW of PV capacity by 2000, and 4,600 MW by 2010.  In the United States, the Clinton 
Administration announced a “Million Roofs Initiative” in 1997, with the goal of installing some 3,000 MW of 

systems on rooftops in 325 cities by 2010, although the Federal government has so far provided few incentives for 
reaching this goal. 
 

Japan, which will soon have more PV-production capacity than the United States, has already replaced the 
United States as the largest market in the world, and Germany is second to Japan in market size for grid-connected 
PV applications. Total Japanese support for PV RD3 activity is expected to be $400 million in 1999.a 

 
a Siegel and Rackstraw (1999). 

 
 
High-Priority Widespread-Renewables Initiative 
 
 Goals 
 

The widespread renewables initiative is aimed at accelerating the development and deployment of 
biomass, wind, photovoltaic, solar thermal, or other renewable energy technologies (RETs), including 
tailoring and deploying these to support rural development in developing countries, such that in the 
second quarter of the 21st century renewables could make contributions to world energy-supply 
comparable to the contributions from fossil fuels today.  Recommended funding for this initiative, 
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together with the other important renewable energy initiatives, is $40 million per year in FY2001, 
increasing to $80 million in FY2005.   
 
 U.S. Actions 
 
 The most important U.S. actions under this initiative are the following: 
 

(1) Promote collaborative IERD3 on industrial-scale biomass energy conversion technologies, 
emphasizing those that provide both electricity and one or more co-products (heat, fluid fuels, 
chemicals, as well as food/feed/fiber), and also collaborative research on the restoration of 
degraded lands and their use for growing crops optimized to provide the feedstocks needed for 
such multiple product strategies; 

 
(2) Expand existing programs with selected developing- and transition-country partners to develop 

integrated systems involving renewable energy technologies and their hybrids with fossil energy 
to provide complete energy services for agricultural, residential, and village-scale commercial 
and industrial applications in rural areas; 

 
(3) Collaborate in measures to accelerate the deployment of grid-connected intermittent renewable 

electric technologies and their hybrids with fossil energy using competitive instruments (such as 
CETO competitions for accelerating RET price buy-down and concessions for market 
aggregation), including measures that could facilitate the leveraging of large, high-quality, but 
remote wind resources and delivering the electricity to major electricity markets and facilitate 
participation of U.S. firms in this process; and 

 
(4) Develop, in collaboration with appropriate partners, assessments of renewable energy resources 

on a region-by-region basis. 
 
 Elaboration 
  

(1) Industrial-scale Bioenergy.  The United States would work with selected industrialized, 
developing, and transition country partners in developing industrial-scale biomass energy-
conversion strategies.  Initial activities would include R&D collaborations with European and 
other partners in areas such as gasification, and demonstration projects led by private-sector firms 
that are seeking to deploy the technology.  Successful demonstration projects would be followed 
by CETO-like deployment programs for accelerating technology-cost buy down in host countries.  
U.S. companies working with their counterparts in these countries would prepare candidate 
projects for these CETO competitions and concessions, and possibly also for demonstrations 
under a DSF (if needed).  DOE would take the lead for collaborative bioenergy conversion R&D. 

 
Although bioenergy conversion technologies will initially use primarily agricultural or forest-
product-industry residues as feedstocks, new biomass-energy crops will ultimately be needed.  A 
promising approach would be to grow such crops on lands that are now degraded and relatively 
unproductive—globally there are several hundred million hectares of such lands that could 
potentially be restored to much more productive use.  Field research would be carried out on 
strategies for the restoration of such degraded lands, with the goal of using such lands for biomass 
production for energy and other purposes.  Broad multinational collaboration would be sought for 
field R&D on restoration of degraded lands, with USDA and USAID jointly leading the effort for 
the United States.  The multinational activity might be coordinated by the GEF, which is planning 
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to support degraded land restoration under a new operational program relating to carbon 
sequestration.16   

 
(2) Rural Energy Systems for Rural Development.  This activity would focus on the development of 

integrated renewable energy systems for rural areas where modern energy supplies are scarce, 
unreliable, and/or costly. It would include small-scale biomass power, heat, and fuels production; 
PV, wind, and geothermal systems; solar systems for providing low-to-medium-temperature heat, 
and hybrids among these and with fossil energy technologies, where appropriate.  Associated 
integrated system development would be carried out using such technologies in remote stand-
alone applications, village minigrids, village industry systems, and distributed grid-connected 
systems.  Systems development would give attention to control systems, dispatch, grid layout 
optimization, etc., as well as integration with communications, lighting, refrigeration, motor 
drive, and other elements necessary to provide the full range of energy services to unserved or 
poorly served rural areas.  Once technologies are ready to be deployed, they would be introduced 
into the market using rural energy concessions (such as those being pioneered in Argentina—see 
Box 3.3) and other mechanisms.  Technical assistance would be provided by DOE and its 
national laboratories working with USAID. 

 
(3) Accelerated Deployment of Grid-Connected Intermittent Renewable Electric Technologies.  For 

accelerated deployment of grid-connected intermittent renewable electric technologies and their 
hybrids, the United States would work with the WB/IFC/GEF and selected host developing and 
transition countries to develop competitive instruments such as CETO and rural concessions to 
promote cost buy-down, market aggregation, and deployment in grid-connected applications 
(including distributed grid-connected applications) of intermittent RETs (wind, PV, solar thermal-
electric).  Deployment activities would be organized as in the case of industrial-scale bioenergy. 

 
Included in this category are wind/thermal power hybrid configurations and wind/hydro and 
wind/CAES combinations for providing the baseload electricity needed to make long-distance 
transmission cost effective as a means for exploiting remote wind energy resources.  Because 
large-scale (typically multi-gigawatt) wind farms made up of thousands of turbines would be 
involved, innovative market-aggregation strategies, such as wind energy resource development 
concessions (see Box 5.2), would be employed to facilitate deployment.  CAES demonstration 
projects would be carried out, and systems would be deployed where CAES would make wind 
energy projects more competitive.  The World Bank and IFC would be appropriate agents for 
working with host developing country governments to put into place concession frameworks or 
other mechanisms for mobilizing remote wind energy resources. 

 
(4) Renewable Energy Resource Assessments.  Renewable energy resource assessment information 

is a public good that would provide the basis for identifying targets of opportunity for private-
sector RET investors.  What is needed are “broad-brush” assessments (analogous to U.S. 
Geological Survey inventories for oil and gas resources) that are sufficiently detailed to attract 
private-sector developers, who would follow-up by making their own, much more detailed 
“investment-justifying” renewable energy surveys.  Included in these assessments should be the 
production on a regional basis of insolation and wind maps, inventories of available biomass 
residues, inventories of degraded lands and their current usages, and inventories of energy storage 
capacity that might be used for backing up intermittent renewable sources—including both 

                                                      
16 In moving such a program forward, particular attention must be given to those people who currently 
depend on these degraded lands for their livelihoods and survival. 

 



Powerful Partnerships 

5-14 

hydroelectric reservoirs that might be reconfigured to play greater storage roles and geological 
reservoirs that might be suitable for CAES systems.  Because the information developed would 
be a public good, broad multinational support should be sought for developing regional 
assessments of renewable energy resources.  The U.S. effort would be led by DOE.  The GEF 
might be asked to coordinate these activities, to assure that the information is developed 
according to appropriate standardized norms. 

 
Other Important Renewable Energy Initiatives 
 
 Goals 
 
 These initiatives would further promote the development and deployment of renewable energy 
technologies. 
 
 U.S. Actions 
 

 
(1) Promote R&D collaborations with leading research groups in other countries on advanced solar 

thermal-electric (STE) technologies. 
 
(2) Support international efforts with strong domestic RET RD3 programs, including deployment 

efforts—e.g., a national Renewable Portfolio Standard (see Box 3.4)—that are coordinated with 
robust and sustained R&D programs for RETs. 

 
 Elaboration 

 
(1) Collaborative R&D on Advanced Solar Thermal Electric Concepts.  R&D groups in Israel and 

several European countries have strong programs on advanced receivers for high-temperature 
Solar Thermal Electric (STE) cycles suitable for direct use of Brayton (gas turbine) cycles, and 
the United States has the most advanced Brayton cycle technology for heat conversion.  These 
complementary strengths provide a sound basis for collaborative R&D on advanced STE cycles.  
Such collaborations could provide the basis for STE technologies that might be developed over 
the longer term that would have higher conversion efficiencies and lower electricity costs than 
might be achieved with STE technologies the DOE is now pursuing.  DOE would have the lead 
responsibility for pursuing collaborative R&D on advanced STE concepts with selected leading 
STE R&D groups in other countries as partners.  Participation in this long-term R&D activity by 
private firms engaged in near-term commercialization activities for parabolic-trough technology 
would be encouraged. 
 

(2) Strengthened Domestic ERD3 Programs for RETs.  A strong domestic RD3 program is needed to 
enable U.S. RET firms to be strong competitors in developing and transition country markets. 
Although federal government support for RET R&D is increasing again, as recommended by the 
PCAST Energy R&D Panel, DOE’s RET R&D program has experienced substantial swings in 
funding that have weakened strategic planning.  Moreover, in contrast to activities in Europe and 
Japan (see Boxes 5.4 and 5.5), RET deployment initiatives in the United States are weak. 

 
Further Thoughts on Deployment Activities Under the Renewables Initiatives 
 
 In the above initiatives, considerable emphasis is given to deployment measures—especially 
market aggregation and technology-cost buy-down.  The need for market aggregation measures relates to 
the small scales that are characteristic of most RETs.  The concession is a potentially powerful instrument 
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for aggregating the market for small-scale RET systems, which could both facilitate realization of 
economies of mass production and make possible substantial reductions in transaction costs per customer 
by granting exclusive market-development rights in a delineated region over a specified period of time to 
a single supplier.  Argentina is conducting an ongoing experiment with concessions as a cost-effective 
approach to rural electrification as part of its electricity-industry restructuring activity (see Box 3.3).  
Concessions can also be used to attract private capital to large-scale RET projects.  Brennand (1996) has 
proposed the wind-energy resource development concession (see Box 5.2) as an instrument that is 
especially promising for harnessing high-quality wind energy resources concentrated in regions that are 
remote from major electricity markets (see Box 5.1).  The Panel recommends that the United States 
promote the concession concept wherever this instrument offers the potential for facilitating efficient RET 
development, by providing advice on the institutional issues involved and by helping support, as 
appropriate, demonstrations of the concept.  Where introduction of concessions proves difficult or slow, 
attention should be given to implementing some of the key elements of the concession concept that might 
be more quickly implemented—giving particular attention to establishing reasonable terms in power 
purchase agreements—so as to minimize delays in RET deployment.  
 
 Because initial prices will typically be higher than market-clearing prices for commercially-ready 
RETs, the CETO as an instrument for buying down RET prices would have large roles in advancing 
RETs under the ERD3 strategy recommended by this Panel.  Under CETO, maximum target RET prices 
would be set and markets would be guaranteed at levels sufficiently high that RET manufacturers would 
seek to expand production capacity to levels where economies of scale can be realized.  Market size 
guarantees would be provided only if bid prices are not greater than maximum target prices and only on a 
competitive basis.  Markets offering high value for RET-generated electricity would be identified (e.g., 
PV or wind systems coupled to existing hydroelectric or other facilities or STE systems in hybrid 
configurations with fossil energy backup, in remote areas where lower cost energy is not readily 
available) so as to minimize the subsidies needed for RET cost buy-downs.  DOE would provide technical 
support—e.g., for studies, and ancillary collaborative R&D—as needed to facilitate CETO activities.   
 
 Even after buy-down, many RETs that are cost-competitive on a lifecycle cost basis will face 
market barriers as a result of their higher first costs compared to conventional technologies, even though 
fuel costs will be lower or even zero.  Thus, as in the case of many energy-efficient end-use technologies 
(see Chapter 4), financial measures that promote consumer decision-making on the basis of lifecycle cost 
comparisons will be needed (see Chapter 3). 
 
 The intensive reliance on CETO in this initiative prompts the question:  How much will RET cost 
buy-down total for a diversified portfolio of RET options?  More experience with deployment is needed 
to answer this question with confidence, but several considerations indicate that buy-down costs are likely 
to be affordable.  The inherent cleanliness of RETs implies that expenditures on clean-up strategies will 
be modest for R&D and during deployment.  Moreover, the small scales and modularity of most RETs 
imply that, after the research phase, costs for scaling up the technologies from laboratory to commercial 
scales are typically also modest.  Finally, their inherent cleanliness, small scales, and modularity make 
most RETs good candidates for cost-reductions from learning and experience.  Using a competitive 
instrument, such as the proposed CETO for buying down RET costs, would also tend to constrain costs, 
because in each qualifying technology category, the buy-down would involve only the most competitive 
technology—not the “average” technology—for that category. 
 
 Although in this study comprehensive estimates have not been made of the aggregate 
expenditures needed to launch RETs in the market worldwide with temporary incentives, estimates made 
by the World Energy Council (WEC) for a range of solar energy technologies (a subset of all renewable 
energy technologies) suggest that these costs would be relatively modest: WEC estimated that over a 20-
year period some $7 to 12 billion would be needed to support initial deployment until manufacturing 
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economies of scale are achieved to enable these technologies to compete with conventional options (this 
is in addition to the WEC’s estimated $8 billion that would be needed in this period for R&D on these 
technologies).17  For comparison, the global rate of investment in energy supply in 1990 was about $400 
billion—some 2 percent of world GDP. 
 
 Over time, as RETs become more established in the market, there will be a shift in the mix of 
needed public-sector ERD3 support, including international ERD3 support, toward longer term R&D, as is 
typical for public-sector support for the innovation process in established industries. 
 
 Several other important renewable energy technologies are not described in detail here, including 
geothermal and hydro technologies.  Domestic ERD3 in these areas as recommended by PCAST 97, and 
increased collaborative ERD3 such as for hot dry rock geothermal with Europe, and accelerated 
deployment activities such as geothermal in the Pacific rim or various hydro technologies are also 
important and should be pursued, as appropriate. 
 
 
FOSSIL FUELS 
 
Background 
 
 In 1996 fossil fuels provided 86 percent of global commercial energy and under business-as-usual 
conditions this fraction is not expected to decline over the next two decades.18  Concerns about fossil fuels 
under business-as-usual conditions include: 
 

• growing world dependence on the politically unstable Persian Gulf, whose share of world oil 
production is projected to grow from 26 percent in 1996 to 41 percent by 2020. 

 
• growing public health and environmental impacts of fossil-energy-derived air pollution, 

including growing concerns about chronic mortality impacts of small-particle air pollution (see 
Box 1.2). 

 
• climate-change implications of increasing CO2 emissions from fossil fuel burning, which are 

projected under business-as-usual conditions to increase from 6.0 GtC per year to 10.4 GtC per 
year between 1996 and 2020. 

 
 Despite such concerns, fossil energy technologies have been advancing rapidly in response to 
competitive challenges and tightening environmental norms, making fossil fuels both environmentally 
more acceptable and the energy services they provide less costly, making them moving targets against 
which non-fossil energy options must eventually compete.19 
 
 Natural gas 
 
 Natural gas is the cleanest and least carbon-intensive fossil fuel.  Shifting from coal to natural gas 
would greatly mitigate air pollution and climate change concerns; shifting from oil to natural gas would 
help mitigate concerns about over-dependence on Persian Gulf oil. 

                                                      
17 WEC (1994). 
18 EIA (1998). 
19 The discussion of fossil energy in this chapter benefited from Siegel (1999). 
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 Despite the attractions of natural gas, its use is in an early stage in developing countries, which 
account for 75 percent of world population but only 20 percent of gas use.  Putting in place regulatory 
reforms relating to natural-gas infrastructure (see Chapter 3) would help accelerate the transition to this 
cleaner fossil fuel in the developing world.  Because conventional gas resources are unevenly distributed 
around the world (e.g., 36 percent and 12 percent of estimated remaining recoverable conventional 
resources are concentrated in the republics of the former Soviet Union (mostly in Russia) and Iran, 
respectively, compared to 2.5 percent and 0.4 percent for China and India, respectively20), the wide use of 
gas will depend increasingly on trade in liquefied natural gas (mainly for serving coastal markets in 
regions with little natural gas) and especially pipelines, including various transcontinental pipelines—e.g., 
for transporting gas from Siberia, the Middle East, and the Central Asian Republics to the Far East, the 
Indian subcontinent, Europe, and ultimately Africa. 
 
 The natural gas-fired gas turbine/steam turbine combined cycle has become the technology of 
choice for thermal power generation wherever natural gas is available, providing electricity at efficiencies 
approaching 60 percent at generation costs of typically 3 ¢/kWh, with 60 percent lower CO2 emissions 
and far lower air pollutant emissions per kWh than new coal plants.  Next-generation natural gas power 
generation technologies will include high-temperature fuel cells combined with gas turbines, offering 
efficiencies of 75 percent or more, and even lower pollutant emission levels.21 
 
 The world will soon see gas liquids competing with liquid fuels from crude oil.  These gas liquids 
will be derived from synthesis gas or “syngas,” a gaseous mixture consisting primarily of carbon 
monoxide and hydrogen.  Syngas is produced from natural gas via steam reforming and other commercial 
processes.  The synthetic liquids that can be produced from natural gas via syngas will serve 
transportation and other liquid fuel markets, thereby making it possible to reduce global dependence on 
Persian Gulf oil, help limit oil-price increases, and simultaneously provide significant air-quality benefits.  
For example, synthetic middle-distillate fuel derived from natural gas can be used effectively in diesel 
engines. This synthetic fuel has near zero sulfur and aromatic content, and leads to significantly lower 
pollutant emission levels than conventional diesel fuel.22  Although life-cycle CO2 emissions are about the 
same as for crude oil-derived transport fuels, they are much less than for coal-derived synthetic fuels. 
 
 Initially, gas liquids will be derived mainly from remote and otherwise unusable gas supplies, but 
use of new liquid-phase reactors in conjunction with “once-through” processes—in which gas liquids 
would be co-produced with electricity or electricity plus process heat (e.g., via “cogeneration” of fluid 
fuels plus electricity, or “tri-generation” of fluid fuels plus electricity plus process heat)—could greatly 
expand opportunities for gas liquids production.23  These processes, which would typically be deployed at 
plants that produce various industrial chemicals, allow gas liquids to be made economically at smaller 
scales and/or from more costly gas feedstocks than is feasible for plants that produce only gas liquids.24 
 
 Although conventional natural gas resources are limited (e.g., less than a 30-year supply in the 
United States by some estimates25) and unevenly distributed throughout the world, unconventional natural 

                                                      
20 Masters et al. (1994). 
21 Bakker et al. (1996). 
22 Norton et al. (1998). 
23 Bechtel (1990), Jager (1997). 
24 Choi et al. (1997). 
25 Masters et al. (1994). 
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gas resources are vast.  Especially large (but uncertain) are the methane resources trapped in clathrate 
hydrates (a solid material containing molecules of methane trapped in a crystal lattice of water molecules) 
in Arctic regions and in ocean sediments.  The carbon content of deep-ocean clathrate hydrates might be 
as much as 4 million GtC, while that for hydrates on the continental shelves (which are more accessible 
resources) might be as much as 18,000 GtC—the energy value of which is equivalent to about 3,000 
times current global energy use, or 100 times remaining conventional gas resources.26  Because of their 
wide geographical distribution, the clathrate hydrates might eventually make it possible to provide natural 
gas for some otherwise gas-poor regions, as well as to extend the natural gas economy well beyond what 
can be supported by conventional natural gas resources.  Considerable R&D is needed to see if ways can 
be found to recover the contained energy cost-effectively and safely, addressing not only economic goals 
but also climate concerns.  If much of this methane could one day be recovered economically and burned 
for its energy without sequestering the CO2, the cumulative impact on climate could be disastrous.  Ways 
of getting the energy out while leaving the carbon behind should be investigated—e.g., energy recovery in 
the form of hydrogen, with sequestration of the separated CO2 (see “Fuels Decarbonization and CO2 
Sequestration,” below). 
 
 Coal 
 
 Coal is an abundant, but dirty, fossil fuel.  In the coming decades most of the expansion in coal 
use is expected to be in developing countries—especially China (see Table 5.3), resulting, under business-
as-usual conditions, in increasingly severe local and regional air pollution problems, and major increases 
in CO2 emissions.   
 

The point of departure for the Panel’s analysis is the recommendation of the PCAST Energy 
R&D Panel that U.S. ERD3 activity relating to coal should be oriented to serving the market needs of 
developing countries, in ways that build on activities in Vision 21, DOE’s new Fossil Energy initiative.27  
One long-term goal is to produce electricity from coal, with near-zero greenhouse gas and air pollutant 
emissions, at a cost that is less than that for today’s state-of-the art pulverized coal power plant.  These 
plants might also co-produce electricity and hydrogen with near-zero emissions, and they might use a 
variety of carbonaceous feedstocks in addition to coal—e.g., natural gas, petroleum residuals, biomass, 
and/or municipal solid waste.  Bringing these technologies to market would require considerable 
innovation, but the PCAST Energy R&D Panel projected that such technologies might capture 50 percent 
of the U.S. coal power market between 2011 and 2015 if they were pursued with an aggressive ERD3 
program. 
 
 A common feature of fossil energy plants that would ultimately have zero, or near-zero, CO2 
emissions is that the processing of the primary carbonaceous feedstock would begin with syngas 
production.  In coal processing, the key enabling technology that leads to syngas production is oxygen-
blown gasification, which makes it possible to extract much of coal’s energy as hydrogen, while 
producing a by-product stream of relatively pure CO2 that can be sequestered, for example, in geological 
reservoirs.  Moreover, air pollution emissions would also be reduced to near-zero levels if hydrogen were 
to come into wide use. 
 
 Advanced technologies for making hydrogen from coal via gasification might prove to be 
attractive ways to produce hydrogen if there were major energy markets for hydrogen—which would be 
the case, for example, if fuel cells could be developed and commercialized for both transportation and 
stationary power markets.  At present, however, there are no energy markets for hydrogen, so, for the near 

                                                      
26 Max et al. (1997). 
27 DOE (1999). 
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term, oxygen-blown gasification technology could be used to provide energy from coal with extremely 
low levels of local and regional air pollutants, along with modest reductions in CO2 emissions from 
efficiency improvements.  Near-term “clean-coal” technologies based on oxygen-blown gasification are 
consistent with a transition to zero-emission fossil fuel conversion technologies. 
 

Table 5.3.  Projection of Coal Use and CO2 Emissions from Coal 
 

 1996 2020  

Region 

Coal 
use 
(EJ/y) 

Coal CO2 
emissions 
(Gt C/y) 

Coal CO2 
emissions as % 
of global CO2 
emissions 

Coal 
use 
(EJ/y) 

Coal CO2 
emissions 
(Gt C/y) 

Coal CO2 
emissions as % 
of global CO2 
emissions 

Coal use 
growth 
rate 
(%/y) 

United States 22.0 0.52 9 27.0 0.66 6 0.9 
Other Industrial 16.4 0.40 7 18.3 0.42 4 0.4 
EE/FSU 13.7 0.33 6 12.7 0.30 3 - 0.3 
China 29.6 0.68 11 82.7 1.93 19 4.4 
 India  6.3 0.16 3 11.3 0.29 3 2.5 
Other 
Developing 

9.8 0.25 4 13.2 0.35 3 1.2 

World 97.9 2.34 39 165.0 3.95 38 2.2 
Source: EIA reference projection (EIA 1998). 
 
 
 One near-term application is coal integrated gasification/combined cycle (IGCC) power 
generation, which could provide electricity with air pollutant emissions nearly as low as from natural gas 
combined cycle plants.  Although coal IGCC technology is commercially ready, it is not yet cost-
competitive with conventional coal steam-electric technology in China and other developing countries.  
One promising approach for buying down the cost of oxygen-blown gasification technologies is to 
promote applications in energy systems that co-produce electricity and industrial process heat (CHP), or 
fluid fuels and electricity, or fluid fuels, electricity, and industrial-process heat (e.g., using liquid phase 
reactors to produce these fluid fuels from synthesis gas via once-through processes—in cogeneration or 
tri-generation configurations similar to those described above using natural gas as feedstock).  Such 
energy co-production systems offer as benefits low levels of air pollution, and significant cost reductions, 
energy savings, and reduced CO2 emissions relative to systems that produce these products separately.  
These systems might often be cost-competitive where coal IGCC technology producing only electricity is 
not. 
 
 Another promising approach would be to employ oxygen-blown gasifiers with low- or negative-
cost feedstocks (e.g., petroleum coke rather than coal) as a near-term strategy for expanding market 
applications of gasification technology and thereby helping buy down technology costs.  Such co-
production strategies or strategies based on gasification of low-quality feedstocks might be evolved from 
ongoing activities in the petroleum refining and chemical industries.  In China, for example, modern 
oxygen-blown gasifiers are already being deployed in the chemical industry for the production of 
ammonia and other chemicals. 
 
 Fuels Decarbonization and CO2 Sequestration 
 
 If hydrogen were to come into wide use it might be feasible for fossil fuels to continue to have a 
large role in the global energy economy, even in a greenhouse gas emissions-constrained world.  This is 
because the least costly way to make hydrogen is from fossil fuels, and the CO2 separated out in hydrogen 
manufacture can be sequestered in isolation from the atmosphere.  Extracting the fossil energy in the form 
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of hydrogen makes it feasible to dispose of the CO2 at relatively low incremental cost (in contrast to the 
relatively high cost of disposing of CO2 recovered from the stack gases of conventional fossil fuel power 
plants).28  Even taking into account the added cost of CO2 sequestration, the cost of making hydrogen this 
way would typically be much less than the cost of hydrogen produced electrolytically.29 
 
 The key elements in a fuels decarbonization/CO2 sequestration strategy are: (a) technologies that 
put a high market price on hydrogen (e.g., fuel cells for automobile use30); (b) technologies that reduce 
the cost of hydrogen production from fossil fuels (e.g., by using advanced membranes for separating 
hydrogen from other gases and for separating oxygen from air), so that hydrogen could be broadly used 
for stationary power generation and CHP, as well as in transportation applications; and (c) large, secure 
storage reservoirs for the byproduct CO2, e.g., geological reservoirs (depleted oil or gas fields, deep beds 
of unminable coal, or deep saline aquifers) and possibly also the deep ocean.  Although there are still 
many uncertainties regarding the prospects for CO2 sequestration that must be resolved, there is a growing 
confidence in the scientific community that secure geological reservoirs might be adequate to store up to 
the equivalent of hundreds of years of global CO2 emissions, with the sequestration potential likely to be 
especially large for deep saline aquifers, which are widely available around the world in sedimentary 
basins on land and offshore under sediments.31 
 
 Initially, there will be some opportunities for economic gain associated with CO2 sequestration.  
The use of enhanced oil recovery (EOR) via CO2 injection is established technology, which might be 
modified to meet the dual objectives of EOR and CO2 sequestration. 
 
 An emerging enhanced resource recovery technology involves injection of CO2 into deep beds of 
unminable coal to recover methane.32  Coal beds are often both source rocks and reservoir rocks for 
methane that was produced throughout the coal burial history as a result of biogenic and thermogenic 
processes whereby plant material is converted into coal.  Because coal is a microporous solid with large 
internal surface areas (tens to hundreds of square meters per gram of coal), large quantities of methane 
can remain trapped in the coal bed, adsorbed on coal surfaces.  Because CO2 molecules are typically 
twice as adsorbing on coal as are methane molecules, CO2 injected into the coal bed tends to displace the 
methane, leaving behind, on average, about two molecules of CO2 in the coal for each molecule of 
recovered methane; experiments have shown that little CO2 shows up in the production wells until 
essentially all the methane has been recovered.33  The technology might make it economically feasible to 
recover some of the large quantities of methane trapped in deep beds of unminable coal, which account 
for most coal in the ground.  This technology might prove to be important for many coal-rich countries 
(e.g., China) that also have large coal bed methane resources.34  Key to success is a low-cost source of 
CO2, for example from plants located near coal bed methane reservoirs producing hydrogen from fossil 
fuel.  In China, some of the planned factories for making ammonia from coal using modern coal 
gasification technology could provide such low-cost byproduct CO2.

35 
 
                                                      
28 Socolow (1997), Williams (1998a). 
29 Williams (1998b). 
30 Steinbugler and Williams (1998). 
31 Holloway (1996), Socolow (1997). 
32 Gunter et al. (1997). 
33 Gunter et al. (1997). 
34 Rice et al. (1993). 
35 Williams (1998c). 
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High-Priority Fuels Decarbonization and CO2 Sequestration Initiative 
 
 Goals 

 
The fossil-fuel decarbonization and CO2 sequestration initiative is designed to develop, via a 

broad multinational collaborative effort, fuels decarbonization and carbon-sequestration technologies that 
would eventually make possible the economic use of fossil fuels with near-zero lifecycle CO2  emissions 
and near-zero pollutant emissions, as well as to advance, in developing and transition countries in the near 
term, syngas-based technologies that would facilitate the transition toward near-zero lifecycle CO2  

emissions. This initiative would build on activities under DOE’s “Vision 21”.  Recommended funding for 
this initiative together with the “Other Important Initiative” for fossil energy described below is $20 
million per year in FY2001, increasing to $40 million per year in FY2005. 
 
 U.S. Actions 
 
 (1) Cooperate to promote energy-sector and environmental reforms in developing and transition 

countries, making it more advantageous to produce multiple clean products from syngas derived 
from natural gas, coal, and other carbonaceous feedstocks; 

 
 (2) Collaborate in R&D and demonstrations of technologies designed to reduce the cost of making 

hydrogen from carbonaceous feedstocks while facilitating the recovery of byproduct CO2 for 
ultimate disposal; and identify, develop, and demonstrate, via multinational efforts, promising 
integrated systems for hydrogen production and use, with sequestration of the separated CO2; and  

 
 (3) Through broad-based collaborative efforts on CO2 sequestration, develop standards for security of 

CO2 storage,  conduct environmental impact studies, carry out both region-by-region assessments 
of sequestration potential and detailed reservoir-by-reservoir analyses of storage capacity and 
other characteristics, and carry out demonstrations with monitoring of storage security. 

 
 Elaboration 
 

(1) Overcoming Institutional Barriers to Syngas-Based Multiple Product Strategies.  For natural gas 
these strategies would involve the coproduction of gas liquids plus electricity or gas liquids, 
electricity, and process heat.  Overcoming barriers to widespread deployment of gas-liquids 
technology in multiple product strategies would lessen world dependence on Persian Gulf oil; 
forestall development of much more carbon-intensive synthetic liquid fuels from coal, with 
attendant climate change mitigation benefits; and provide greater market opportunities for those 
U.S. firms that are at the forefront of gas-liquids technology development. 

 
For coal and other low-quality feedstocks, similar groups of products could be produced from 
syngas derived via oxygen-blown gasification.  For coal these multiproduct strategies would 
typically lead to less costly electricity than could be produced in IGCC plants that provide only 
electricity.  Moreover, giving initial emphasis to gasification of very low-cost feedstocks (such as 
petroleum coke) would be helpful in buying down the cost of gasification technologies that would 
be very similar to coal gasification technologies.   

 
Although the private sector is fully capable of carrying out the needed R&D for these 
technologies, without additional public-sector support, there are significant institutional barriers 
in many countries to the deployment of these multiproduct strategies.  Because these technologies 
cannot compete with conventional “dirty” coal technologies when the environmental and other 
social costs are not adequately reflected in the price, the United States should promote, as part of 
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this activity, environmental policy reforms that would protect public health and welfare.  
Overcoming the institutional barriers to multiple-product strategies based on coal gasification 
would enable the United States to take better advantage of its position as world leader in coal-
gasification technology.  (For example, IGCC technology was demonstrated with the Coolwater 
Project in California, 1984-1989.)  Stagnation in the domestic coal market means that initial 
deployment activities be focused on developing countries, and the pressing local and regional air 
pollution problems of coal-intensive energy economies imply large potential markets for U.S. 
companies offering oxygen-blown gasification technologies, if ways can be found to make these 
technologies cost-competitive. 

 
As noted, these coproduct strategies will involve the generation of electricity as a coproduct at 
industrial plants.  The prospective favorable economics of these processes will often depend on 
the ability of the industrial firms to sell byproduct electricity at prices that reflect true market 
values. The United States would advance the commercialization of such technologies by 
encouraging either competition in power generation (the best solution) or enactment of a PURPA-
like regulation to facilitate electricity sales to electric grids (see Chapter 3).  This activity would 
be part of the CHP Initiative advanced in Chapter 4. 
 
Projects developed to meet near-term goals would be carried out largely by industrial joint 
ventures.  USAID would be the lead agency for encouraging the needed environmental and 
energy-sector reforms, and DOE would have the lead responsibility: (a) for providing 
cost/performance/environmental and other information for alternative syngas-based technologies 
and competing technologies; and (b) for collaborative R&D, targeted to support demonstration 
projects.  Partial financing provided by the World Bank would also be helpful in launching these 
new technologies in the market, because the World Bank’s financing costs are typically less than 
those for commercial banks. 

 
(2) Advanced Hydrogen Production Technology and Hydrogen Systems Development.  For advanced 

hydrogen production technology, activities would include both pre-competitive R&D (e.g., 
fundamental science relating to advanced gas separation technologies, catalysis, and hot gas 
cleanup, as discussed in PCAST 1997) and demonstration projects, with initial focus on industrial 
applications (e.g., in the ammonia industry).  DOE would take the lead responsibility for this 
collaborative RD3.  When advanced technologies are ready for demonstration, the private sector 
should be willing to make the needed investments, in light of substantial near-term market 
opportunities for hydrogen use. 

 
Hydrogen-use activities that should be considered for integrated systems development would 
include central station power generation, distributed CHP, and fuel-cell vehicle applications. 
Support should be provided by DOE to build capacity for fuels decarbonization and CO2 
sequestration systems analysis in those developing and transition countries that would be partners 
for the United States in this initiative.  Multinational participation would be encouraged for 
private-sector-led “hydrogen-based economy” demonstration projects, such as the recently 
announced plan by Icelandic Hydrogen and Fuel Cell Company Ltd (a joint venture involving 
Daimler/Chrysler, Norsk Hydro, Shell International, and Ecoenergy of Iceland), which seeks to 
convert the public and private transportation systems of Iceland to hydrogen.  DOE would 
provide technical support for such demonstration projects.  These activities would be closely 
coordinated with the Improving Vehicles Initiative proposed in Chapter 4, which includes 
measures to advance fuel-cell vehicles. 
 
The U.S. is seeking to engage developing countries in the pursuit of major climate change 
mitigation activities.  Encouraging fossil fuel-rich developing countries via energy RD3 
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collaborations to evolve toward energy systems in which hydrogen plays major roles, with 
sequestration of the separated CO2, would be an effective way to do this.  The evolutionary 
strategy set forth in this initiative would advance these long-term goals while providing near-term 
benefits to developing countries in the forms of reduced air pollution and reduced dependence on 
oil imports. 
 

(3) Carbon Sequestration. Near-term demonstration projects would be focused on opportunities for 
using available low-cost CO2 sources (e.g., from industrial sources) and should include projects 
where economic returns would be associated with CO2 sequestration (e.g., enhanced oil recovery 
and enhanced recovery of methane from deep coal beds), as well as projects involving deep 
aquifer and possibly deep ocean disposal.  EPA, working with its counterpart in a partner country, 
might have the lead responsibility for international standards setting, environmental impact 
studies, and monitoring of demonstration projects.  DOE could have lead responsibility for 
reservoir assessments and monitoring, with technical support provided by the U.S. Geological 
Survey.  Private companies could have lead responsibilities for demonstration projects, with DOE 
providing technical support.  Detailed reservoir-by-reservoir assessments should be carried out in 
conjunction with, but prior to, demonstration projects as joint private-public undertakings. 

 
The United States has much to gain by collaborating with other countries in the pursuit of CO2 
sequestration technologies and strategies.  Norway is leading global activity in experience with 
aquifer disposal of CO2, Japan is aggressively investigating deep ocean disposal strategies, and 
the United States can bring considerable expertise on enhanced resource recovery via CO2 
injection.  Most commercial activity and expertise for EOR using CO2 is in the United States, so 
that activities emphasizing the dual objectives of EOR and CO2 sequestration could provide 
significant opportunities for U.S. industry.  Likewise the technology for enhanced methane 
recovery from deep coal beds via CO2 injection was pioneered in the United States, so that if the 
technology can be established as a fully viable commercial activity, there would again be 
significant opportunities for industry.  This element of the initiative would seek to understand 
better the prospects and advance the technologies for CO2 sequestration.   

 
Another Important Fossil Energy Initiative: Methane Clathrate Hydrate Development 
 
 Goals 
 
 This initiative would seek to exploit the energy potential of the methane clathrate hydrates in 
climate-friendly ways. 
 
 U.S. Actions 
 

Pursue collaborative R&D with other countries, aimed at reducing the cost of recovering energy 
from methane clathrate hydrates without exacerbating the climate-change problem. 
 
 
 Elaboration 
 

Collaborative R&D on methane clathrate hydrates is worthwhile in part because of the generic 
benefits of collaborative R&D on pre-competitive science and technology.  Moreover, collaborative R&D 
in this area would give the United States better access to the fruits of R&D in this area being conducted 
abroad.  Already, Japan is spending $56 million over five years, and India $50 million over five years on 
methane clathrate hydrate development; there has been little activity in the United States in comparison 
with FY99 funding of DOE and USGS combined at about $1.1 million and the FY2000 combined budget 
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request of a little less than $3 million (PCAST 97 recommended $5 million per year as an R&D budget in 
this area).  The goal of reducing costs of energy recovery without aggravating the climate change problem 
might be pursued by exploring ways to produce hydrogen from the methane near where the methane 
clathrate hydrate is recovered—e.g., potentially leaving CO2 behind as a CO2 clathrate hydrate, exploiting 
the fact that CO2 clathrate hydrates form under pressure/temperature conditions very similar to those for 
methane clathrate hydrates.  DOE would have the lead responsibility for this U.S. action, and the 
involvement of oil and gas companies (foreign as well as domestic) should be encouraged.  Although 
these companies have little, or no, near-term interest in developing this resource for energy (because there 
are abundant near-term investment opportunities for conventional gas recovery), many have ongoing 
R&D programs focused on drilling-hazard mitigation relating to clathrate hydrates, and there are common 
fundamental science and engineering research needs for energy development and hazard mitigation. 

 
 
NUCLEAR ENERGY 
 
Background 

 
 Although nuclear fission dominates electricity generation in a few countries, its initial promise 
has not been realized.  Under business-as-usual conditions, nuclear power’s contribution to global energy 
will not grow, and may well decline significantly, in the decades immediately ahead, with expected 
capacity additions (mainly in Asia) more than offset by capacity reductions in industrialized countries.36 
 
 Nuclear power is in decline in part because the technology is much more costly than was 
originally projected, a problem that is being exacerbated by increasingly competitive market conditions 
arising from the ongoing worldwide restructuring of the electric power industry.37  In addition, the 
prospects for continuing and expanding the contribution of nuclear power to world energy supply have 
been clouded by concerns relating to safety, radioactive-waste management, and proliferation of nuclear-
weapons capabilities.  All of these problems have led to a loss of public confidence in nuclear technology. 
 
 However, nuclear power can deliver large quantities of energy without emissions of conventional 
air pollutants and greenhouse gases.  Its potential for mitigating climate change concerns is illustrated by 
a comparison of the carbon intensities of primary energy among countries that have made varying 
commitments to nuclear power (see Figure 5.1)—for France, where nuclear power provided 75 percent of 
total electricity in 1990, the carbon intensity was two thirds of that in the United States, where 20 percent 
of electricity was provided by nuclear power.  This potential and the uncertainties associated with the 
prospects of other energy-supply options that could offer these advantages led the 1997 PCAST energy 
R&D study to recommend a modest DOE-funded research effort aimed at exploring the potential of 
innovative approaches to address the indicated concerns—the Nuclear Energy Research Initiative (NERI).  
This recommendation was subsequently embraced by the Administration and approved by Congress, 
albeit with somewhat lower funding than PCAST recommended.  
 
 As the 1997 PCAST study also noted, nuclear energy’s global prospects would be severely 
undermined if another major nuclear accident were to occur anywhere in the world.  Avoiding such an 
accident is therefore of paramount concern for the future of nuclear of energy, as well as for the more 
important purpose of avoiding the impacts on health and property that a large accident would cause. This 
situation motivates ongoing efforts by the United States and other industrialized countries to improve the 
safety of Soviet-built nuclear power plants, as well as private-sector efforts under the auspices of the 

                                                      
36 EIA (1998). 
37 The discussion of nuclear fission in this section benefited from Taylor (1999). 



Chapter 5: Energy Supply Technologies 

5-25 

World Association of Nuclear Operators, aimed at instilling a culture of safety in the world’s nuclear 
industry.   The situation has also motivated an international effort, led by the International Atomic Energy 
Agency, to bolster national nuclear regulatory regimes through the mechanism of a Convention on 
Nuclear Safety.  The Convention went into force and was signed by the United States in 1996, and was 
ratified by the United States in April 1999.  Among its provisions is a call for the separation of nuclear 
regulatory functions from national bodies concerned with promoting the utilization of nuclear energy.  
This separation does not exist in many of the countries using nuclear power today. 
 
 Concerns about nuclear waste management and about proliferation risks from nuclear energy are 
being aggravated by a number of related circumstances at the back end of the nuclear fuel cycle, including 
the lack of agreed-upon geologic repositories for high-level radioactive waste and spent fuel, problems of 
capacity and public and utility acceptance for long-term storage of spent fuel at reactor sites, and 
accumulation of separated plutonium from reprocessing of spent reactor fuel at a pace exceeding that of 
re-use of the plutonium in mixed-oxide fuel. 
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Figure 5.1:  The Carbon Intensity of Primary Energy Consumption for Selected 
Countries.  Expressed in tons of carbon per ton of oil equivalent energy.  Note that 
the zero of the carbon-intensity axis is suppressed.  Source: Nakicenovic (1997). 

 
 

Proliferation/diversion concerns, and the lack of suitable international arrangements for interim 
spent fuel storage, are issues that are strongly linked by the fact that nuclear fuel reprocessing overseas 
has become for several countries a de facto interim strategy for spent fuel management, which is 
confounding U.S. non-proliferation policy—important elements of which are to not recycle plutonium 
from spent fuel and to not encourage such recycling abroad.  The problem of managing the growing 
stockpile of separated civilian plutonium, now amounting to some 180 tonnes worldwide, parallels the 
problem of managing the growing quantity of separated surplus military plutonium produced by 
dismantling excess nuclear weapons in the aftermath of the Cold War, approaching 100 tonnes in the 
United States and Russia combined.  The reprocessing operations that are increasing the inventory of 
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separated civilian plutonium do not appear to be economic compared to once-through use of low-enriched 
uranium fuel, but they continue because of a combination of factors: sunk capital costs, government 
subsidies, long-term contracts signed when uranium seemed scarcer and costlier than it does today, 
reluctance to throw away the energy content of unrecycled plutonium and uranium, perceptions by some 
that reprocessed wastes are easier to manage in the long run  than spent fuel, and lack of alternatives to 
reprocessing as a means of removing spent fuel from reactor sites in the short term. 
 
 The prospects for the liquid-metal fast breeder reactor (FBR), the historical choice for the next 
generation of nuclear fission technology, are rapidly fading around the world, even in countries such as 
France and Japan, which have dynamic nuclear power industries.  A major attraction of the FBR is that it 
could make uranium in effect an “inexhaustible” energy resource via fuel reprocessing and plutonium 
recycling.  The FBR would make it possible to recover about half of the energy contained in uranium, 
instead of the less than 1 percent characteristic of light water reactors (LWRs) operated on once-through 
fuel cycles.  A major drawback of the FBR is the exacerbation of proliferation-diversion risks that would 
result for fuel reprocessing and plutonium recycle.  Declining interest in the FBR has resulted from poor 
economic prospects as well as proliferation and diversion concerns.  However, despite the demise of the 
FBR, there is still interest in various countries in pursuing alternative advanced nuclear reactor concepts. 
 
 All of these issues have dimensions that require international cooperation.  Besides the need for 
global cooperation in promoting a culture of safety for today’s nuclear technology, there is a growing 
need to deal with the near-term spent-fuel storage issue.  There is great merit in having a consistent 
international regulatory framework and international consensus on repository security and non-
proliferation standards.38  Furthermore, the cost of developing new nuclear technology that might be 
effective in simultaneously addressing the multiple challenges facing current nuclear technology would be 
beyond the capacity of any single country—including the most advanced countries.39  Unlike the situation 
with light water reactor (LWR) technology—the advancement of which benefited enormously from 
spillovers to the civilian sector of military RD3 (e.g., the LWR  was originally developed for submarine 
use)—the next generation of nuclear technology will get no boost from military RD3 activity, and will 
evolve in a far more fiscally austere governmental spending environment than that which existed when 
first-generation nuclear technology was introduced.  If the United States were to become involved in 
collaborative efforts, it could have direct access to the fruits of ongoing RD3 abroad and be well 
positioned to play important roles in a nuclear power renaissance, should these RD3 efforts lead to new 
reactor designs that can address satisfactorily cost, safety, proliferation/diversion, and waste disposal 
concerns.  In addition, the United States should be involved in collaborative RD3 activity on fuel cycles in 
order to have a strong voice in advancing U.S. policies relating to proliferation and diversion.  Part of 
such collaborative RD3 activity should be directed to exploring fuel cycles that would make it feasible to 
maintain the nuclear power option for the long term without fuel reprocessing and plutonium recycle, in 
light of the proliferation- and diversion-resistance attractions of once-through fuel cycles.   
 
 One possibility for maintaining fission as a major option without reprocessing is low-cost 
extraction of uranium from seawater.  The uranium concentration of sea water is low (approximately 3 
ppb) but the quantity of contained uranium is vast—some 4 billion tonnes (about 700 times more than 
known terrestrial resources recoverable at a price of up to $130 per kg).  If half of this resource could 
ultimately be recovered, it could support for 6,500 years 3,000 GW of nuclear capacity (75 percent 
capacity factor) based on next-generation reactors (e.g., high-temperature gas-cooled reactors) operated 
on once-through fuel cycles.  Research on a process being developed in Japan suggests that it might be 

                                                      
38 Taylor (1999). 
39 Taylor (1999). 
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feasible to recover uranium from seawater at a cost of $120 per lb of U3O8.
40  Although this is more than 

10 times the current uranium price, it would contribute just 0.5¢ per kWh to the cost of electricity for a 
next-generation reactor operated on a once-through fuel cycle—equivalent to the fuel cost for an oil-fired 
power plant burning $3-a-barrel oil. 
 
 Nuclear fusion offers a more distant possibility of abundant energy free of greenhouse gases and 
conventional air pollutants.41  Even under favorable assumptions about fusion R&D investments and 
outcomes, it is not likely to be able to deliver a significant contribution to world electricity supply much 
before the middle of the 21st century.  But uncertainties about the ultimate tractability of the problems of 
fission, combined with the possibility that fusion will offer significant advantages in safety, waste 
characteristics, and proliferation resistance, make it prudent to pursue the R&D needed to determine 
whether fusion’s promise can be realized.  Fusion R&D has embodied a steadily growing international 
collaborative component since 1958, lending itself to such collaboration in part by being so far from 
commercialization as to suppress any competitive instincts, and in part by being so costly as to make 
cooperation almost a necessity.  But (notwithstanding the recommendations of PCAST studies in 1995 
and 1997 and other high-level reviews) the U.S. Congress in the last few years has been unwilling to 
allocate to fusion R&D the sums that would be needed to maintain both a solid domestic program and 
significant U.S. participation in the flagship international fusion effort—the International Thermonuclear 
Experimental Reactor (ITER).  The FY 1999 budget appropriation essentially dictated the termination of 
U.S. participation in ITER, a major blow both to progress in fusion and to the credibility of the United 
States as a participant in large-scale international energy R&D collaborations. 
 
High-Priority Nuclear Initiatives 
 
 Goals 
 
 To preserve and enhance the possibility that nuclear power could play an expanding role in 
addressing climate change and other energy-related challenges in the next century.  These initiatives, 
together with the other important nuclear initiatives listed below, are recommended for funding at $10 
million per year in FY2001, increasing to $20 million per year in FY2005. 
 
 U.S. Actions 
 
 (1) Add an explicit international component to the DOE’s new Nuclear Energy Research Initiative 

(NERI), promoting bilateral and multilateral research focused on advanced technologies for 
improving the cost, safety, waste management, and proliferation resistance of nuclear fission 
energy systems; 

 
 (2) Expand and strengthen international cooperative efforts in studies and information exchange on 

geologic disposal of spent fuel and high-level wastes, to include expanded participation, studies 
of international interim-storage facilities, and development of a consistent and rigorous 
international regulatory framework for both interim storage and geologic disposal of these 
materials; 

 
 (3) Pursue a new international agreement on fusion R&D that commits the parties to a broad range of 

collaborations on all aspects of fusion energy development, while selectively enhancing U.S. 

                                                      
40 Nobukawa (1994). 
41 Dean (1999). 
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participation in existing fusion experiments abroad and inviting increased foreign participation in 
new and continuing smaller fusion experiments in the United States. 

 
 Elaboration 
 

(1) International Nuclear Energy Research Initiative.  The costs of exploring new technological 
approaches that might deal effectively with the multiple challenges posed by conventional nuclear 
power are too great for the United States or any other single country to bear, so that a pooling of 
international resources is needed.  This program would include increased information sharing 
about, and joint assessments and feasibility studies of, advanced reactor types, proliferation-
resistant fuel cycles, and waste-management technologies, and would help increase the leverage 
and reduce the duplication associated with fragmented national efforts on these issues in an era of 
scarce research funds for fission.   Projects under the international NERI, as under the domestic 
one, would be more research-oriented than development-oriented, hence relatively inexpensive 
and less likely to encounter resistance on competitive grounds.  Research efforts underway in 
Russia, Germany, Japan, South Africa, and South Korea on a variety of advanced reactor types 
and proliferation-resistant fuel cycles are potentially suitable foci for U.S. participation, as is the 
Japanese research on extraction of uranium from sea water.  Increased cooperation with Russia—
in particular on nuclear-energy research—has, of course, the important side benefit of providing 
productive employment for scientists and technologists in the Russian nuclear-weapons 
community whose talents it is strongly in the U.S. and world interest to retain in Russia, focused 
on civilian pursuits.  

 

(2) Managing Spent Fuel and High-Level Wastes.  International collaboration relating to spent fuel 
management and non-proliferation aspects of civilian nuclear power generally would help 
strengthen U.S. non-proliferation policy.  The DOE’s existing international cooperation on these 
issues, being carried out in part in collaboration with the U.S. National Research Council, the 
German-American Academic Council, and Japanese government agencies and industry, are ripe 
for expansion—particularly regarding the role of Russia in these efforts.  The United States 
should also promote providing the IAEA with the authority and funding to monitor the safety of 
all spent-fuel shipments to any location. 

 
(3) Nuclear Fusion.  Because fusion is a long-term energy option for which R&D costs are large, 

international collaborative R&D is an attractive approach for sustaining the fusion option. Any 
new agreement should not be restricted to construction of a single device, although U.S. 
participation in construction of a scaled-down ITER along the lines now being explored by the 
parties to the ITER agreement would not be ruled out.  Increased U.S. participation in selected 
existing fusion experiments abroad was recommended in the 1997 PCAST report. The DOE 
should continue to make a vigorous case to Congress for restoration of recent fusion budget cuts 
to a degree sufficient to pay for the U.S. share in these international collaborations while 
protecting a robust domestic program in fusion science. 

 
Other Important Nuclear Initiatives 
 
 Goals 
 
 These initiatives would help improve the safety and security of nuclear facilities worldwide. 
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 U.S. Actions 

(1) Strengthen the program of cooperation with the republics of the former Soviet Union and Eastern 
Europe to improve the safety of Soviet-built reactors in those countries, aiming to speed up 
activities and increase the number of scientists involved in joint work, and further support the 
Convention on Nuclear Safety to increase the effectiveness of U.S. efforts to promote nuclear 
regulatory reform. 

 
(2) Promote an international review, under International Atomic Energy Agency (IAEA) auspices, of 

the adequacy of physical protection at the world’s civilian nuclear energy facilities (and in 
transport links among them) to prevent diversion of nuclear materials to weapons purposes, and 
seek adoption of binding standards and measures to bring all facilities and transport modes into 
compliance with these standards. 

 
 Elaboration 
 

(1) Nuclear Safety.  Strengthening the existing cooperative program—which is funded at about $50 
million per year and overseen by an interagency task force coordinated in the State Department, 
led by the DOE and its Pacific Northwest National Laboratory, and including an International 
Nuclear Safety Center established by the Argonne National Laboratory where Russian and U.S. 
scientists collaborate on safety R&D—is likely to require some increase in budget as well as 
better coordination of U.S. efforts with those being managed by the IAEA and the OECD Nuclear 
Energy Agency.  Further U.S. support of the Nuclear Safety Convention could increase the 
effectiveness of U.S. efforts to promote regulatory reforms called for in the Convention, including 
separating regulatory and promotional activities and increasing transparency in reporting 
procedures. 

 
(2) Improving Proliferation/Diversion Resistance of Existing Nuclear Energy Operations.  The 

international cooperative effort to provide assurance that nuclear materials have not been diverted 
from civilian nuclear energy operations to weapons purposes—namely, the safeguards regime 
operated by the IAEA—is chronically under-funded in relation to the difficulty and importance of 
its task.  The United States should increase its contributions in support of IAEA safeguards and 
seek increased support for these from other member states. (These activities are partly R&D to 
improve capabilities to safeguard particularly problematic kinds of facilities, such as those 
handling large quantities of separated plutonium, and partly implementation.)  The actual physical 
protection of separated plutonium and highly enriched uranium at nuclear energy facilities (an 
activity different from safeguards, which deter diversion by the risk of detection but do not 
physically prevent either diversion or theft) is currently considered a national rather than an 
international responsibility, for which there are guidelines but no binding standards, except for 
material in international transport. 

 
 
CLOSE 
 
 It is now useful to indicate, in a very rough manner, where the initiatives identified in this chapter 
fit vis-à-vis global energy supplies today.  Table 5.4 identifies global energy supplies for 1995 for the 
major supply sectors—oil, coal, gas, nuclear, and renewables (primarily hydro and biomass).  Arrayed 
against this table of supplies are some of the initiatives and initiative components identified in this 
Chapter, as well as combined heat and power from Chapter 4.  Although no initiatives specifically on oil 
supply were developed in the course of this study—the private sector in oil already being strongly 
internationalized and well capitalized—there are several initiatives that would produce liquid fuel 
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complements to oil and oil products.  Similarly, there are initiative elements in gas and coal directly 
involving that sector, and also from the renewables and nuclear sectors that could provide many of the 
same energy supplies—principally electricity or liquid or gaseous fuels.  The initiatives identified in this 
chapter provide reasonable coverage of the energy-supply sector, taking into account the strengths of the 
private sector and the appropriate role of the Federal government to highly leverage public resources in 
pursuit of key public benefits. 
 

Together, the development of an innovation pipeline, energy-efficient technologies, and clean 
energy-supply technologies can provide the basis for addressing global energy-linked challenges.  We 
turn in the next chapter to the critical issues of how to establish, manage, and fund these cooperative 
activities. 
 
 

Table 5.4: Global Energy Supply and PCAST Initiatives 
Energy Supply = Primary Energy consumption, 1995, Exajoules 

 
Sector Industrial 

Countries 
Transition 
Countries 

Developing 
Countries 

World PCAST Initiatives 

Oil 88 13 49 150 --Fossil: coal and gas multiple products, hydrogen 
--Renewables: biomass multiple products 

Gas 44 23 16 83 --Fossil: hydrogen, methane clathrates 
--Energy-sector reform 

Coal 27 15 45 87 --Fossil: coal multiple products 
--Renewables 
--Sequestration 

Nuclear 20 2.5 1.5 24 --Nuclear: NERI; safety; spent fuel; proliferation 
resistance; fusion 

Renewables 
and other 

18 3 11 32 --Renewables: grid connected, remote, bioenergy, 
solar thermal, resource assessment 

Total 197 57 122 376  
Electricity 
(TkWhrs)* 

7.0 1.6 3.2 11.8 --Fossil: coal gasification/trigeneration 
--Nuclear: NERI, safety, spent fuel, fusion 
--Renewables: grid-connected, rural systems 
--Combined heat and power 

*Tera kiloWattHours (see appendix B for units) 
Source: EIA (1998) 
 
  



Chapter 5: Energy Supply Technologies 

5-31 

 
REFERENCES 
 
Bakker et al. 1996:  W. Bakker, A. Cohn, and R. Goldstein, “Advances in Solid Oxide Fuel Cells,” EPRI 
Journal, Vol. 21 (September/October 1996), No. 5, pp. 42-25. 
 
Bechtel 1990:  Bechtel Group, Inc., Slurry vs. Fixed Bed Reactors for Fischer-Tropsch and Methanol:  
Final Report, U.S. Dept. of Energy Project No. DE-AC22-89PC89867 (Pittsburgh, PA:  Pittsburgh 
Energy Center, 1990). 
 
Bijur 1998: Peter Bijur, Keynote Speech to the World Energy Council 17th Congress, Houston, 14 
September 1998. 
 
Brennand 1996:  T.P. Brennand, Concessions for Wind Farms:  A New Approach to Wind Energy 
Development, Report prepared for the Energy Strategies and Technologies Working Group of the China 
Council for International Cooperation on Environment and Development (Beijing:  September 1996). 
 
Cavallo 1995:  A. Cavallo, “High Capacity Factor Wind Energy Systems,” Journal of Solar Engineering, 
Vol. 117 (1995), pp. 137-143. 
 
Choi et al. 1997:  G.N. Choi, S.J. Kramer, S.S. Tam, J.M. Fox, N.L. Carr, and G.R. Wilson, 
Design/Economics of a Once-Through Fischer-Tropsch Plant with Power Co-Production, paper 
presented at the 1997 Coal Liquefaction and Solid Fuels Contractors Review Conference (Pittsburgh, PA:  
3-4 September, 1997). 
 
Dean, 1999: Steven O. Dean, Lessons Drawn from ITER and Other Fusion International Collaborations, 
Fusion Power Associates, Paper prepared for the PCAST International Energy RD3 Panel, February 1999. 
 
DOE 1998:  DOE Office of Fossil Energy and Federal Energy Technology Center, Vision 21 Workshop:  
Summary of Breakout Sessions and Presentations (Pittsburgh, PA:  15-16 December, 1998). 
 
EIA 1998:  Energy Information Administration, U.S. Department of Energy, International Energy 
Outlook 1998 with Projections Through 2020, DOE/EIA-0484(98) (Washington, DC:  U.S. Government 
Printing Office, April 1998). 
 
EIA 1999:  Energy Information Administration, International Energy Outlook, 1999, DOE/EIA-0484(99) 
(Washington, DC:  Department of Energy, March 1999). 
 
Elliott et al. 1991:  D.L. Elliott, L.L. Wendell, and G.L. Gower, An Assessment of the Available Windy 
Land Area and Wind Energy Potential in the Contiguous United States, Report PNL-7789 (Richland, 
WA:  Pacific Northwest Laboratories, 1991). 
 
EPRI and DOE 1997:  Electric Power Research Institute and Office of Utility Technologies, U.S. 
Department of Energy, Renewable Energy Technology Characterizations, EPRI TR- 1 09496 (December 
1997). 
 
Forest and Braun 1997:  H. Forest and G. Braun, Renewable Energies:  Are We on Track?, paper 
presented at the 1997 Environment Northern Seas Conference, Stavanger, Norway, 28 August, 1997. 
 



Powerful Partnerships 

5-32 

Grubb and Meyer 1993:  M.J. Grubb and N.I. Meyer, “Wind Energy:  Resources, Systems, and Regional 
Strategies,” in T. B. Johansson, H. Kelly, A.K.N. Reddy, and R.H. Williams (eds.), Renewable Energy:  
Sources for Fuels and Electricity (Washington, DC:  Island Press, 1993), pp. 157-212. 
 
Gunter et al. 1997:  W. Gunter, T. Gentzix, B. Rottenfusser, and R. Richardson, “Deep Coal Bed Methane 
in Alberta, Canada:  A Fuel Resource with the Potential of Zero Greenhouse Emissions,” Energy 
Convers. Mgmt., Vol. 38 (Suppl.) (1997), pp. S217-S222. 
 
Holloway 1996:  S. Holloway (ed.), The Underground Storage of Carbon Dioxide, Report prepared for 
the Joule 11 Programme (DG XII) of the Commission of the European Communities, Contract No. JOU2 
CT92-0031 (Brussels:  February 1996). 
 
Jager 1997:  B. Jager, SASOL’s Advanced Commercial Fischer-Tropsch Processes, paper presented at the 
Spring Meeting of the American Institute of Engineers, Houston, Texas, 10- 13 March, 1997. 
 
Kassler 1994:  P. Kassler, Energy for Development, Shell Selected Paper (London:  Shell International 
Petroleum Company, November 1994). 
 
Larson and Jin 1999:  E.D. Larson and Jin Halming, “A Preliminary Assessment of Biomass Conversion 
to Fischer-Tropsch Cooking Fuels for Rural China,” in Proceedings of the Fourth Biomass Conference of 
the Americas, Oakland, CA, 29 August - 2 September (forthcoming). 
 
Lawry 1996:  P.J. Lawry, Photovoltaics:  A Quantum Jump, paper presented at the 3rd Renewable Energy 
Technologies & Remote Area Power Supplies Conference, Cairns, Australia, 5-7 August, 1996. 
 
Lew et al. 1998:  D.J. Lew, R.H. Williams, S. Xie, and S. Zhang, “Large-Scale Baseload Wind Power in 
China,” Natural Resources Forum, Vol. 22, No. 3 (1998), pp. 165-184. 
 
Li et al. 1998:  Li Jingjing, Bal Jinming, and Ralph Overend, Assessment of Biomass Resource 
Availability in China, Report prepared by Energy Research Institute of the State Development Planning 
Commission of China and the National Renewable Energy Laboratory of the United States (Beijing:  
China Environmental Science Press, 1998). 
 
Masters et al. 1994:  C.D. Masters, E.D. Attanasi, and D.H. Root, “World Petroleum Assessment and 
Analysis,” in Proceedings of the 14th World Petroleum Congress (Stavanger, Norway:  1994). 
 
Max et al. 1997:  M.D. Max, R.E. Pellanbarg, and B.G. Hurdle, Methane Hydrate, a Special Clathrate:  
Its Attributes and Potential, Naval Research Laboratory Report NRL/MR/6101-97-7926, (Washington, 
DC:  Naval Research Laboratory, 28 February, 1997). 
 
1DNLüHQRYLü��������1��1DNLüHQRYLü��³)UHHLQJ�(QHUJ\�IURP�&DUERQ�´�LQ�-�+��$XVXEHO�DQG�+�'��/DQJIRUG�
(eds.), Technology Trajectories and the Human Environment (Washington, DC:  National Academy of 
Sciences Press, 1997). 
 
Nobukawa 1994:  H. Nobukawa “Development of a Floating Type System for Uranium Extraction from 
Sea Water Using Sea Current and Wave Power,” in Proceedings of the 4 International Offshore and 
Polar Engineering Conference (Osaka, Japan:  10-15 April 1994), pp. 294-300. 
 
Norton et al. 1998:  P. Norton, K. Vertin, and B. Bailey (NREL), N.N. Clark and D.W. Lyons (W. 
Virginia Univ.), and S. Goguen and J. Eberhardt (U.S. DOE), Emissions from Trucks Using Fischer-
Tropsch Diesel Fuel, SAE Paper 982526 (Society of Automotive Engineers, 1998). 



Chapter 5: Energy Supply Technologies 

5-33 

 
PCAST 1997:  The President’s Committee of Advisors on Science and Technology, Federal Energy 
Research and Development for the Challenges of the Twenty-First Century (Washington, DC:  Office of 
Science and Technology Policy, November 1997). 
 
PERI 1995:  Princeton Economic Research, Inc., Government Export Assistance Available to European 
Wind Turbine Manufacturers, report prepared for the National Renewable Energy Laboratory (24 March 
1995). 
 
RECS 1999:  Renewable Energy Consulting Services, The Present and Future Prospects of PV-Based 
Network Generation:  Can an Assured Large Market Bring PV System Costs Down to $3,000 per 
Installed Kilowatt?  Evaluation carried out for the Environmental Projects Unit, International Finance 
Corporation (1 March 1999). 
 
Rice et al. 1993:  D.D. Rice, B.E. Law, and J.L. Clayton,  “Coal-Bed Gas—an Undeveloped Resource,” 
in U.S. Geological Survey, The Future of Energy Gases, Professional Paper No. 1570 (Washington, DC:  
U.S. Government Printing Office, 1993), p. 389-404. 
 
Schainker 1997:  Robert B. Schainker, Electric Power Research Institute, presentation to the PCAST 
Energy R&D Panel, 14 July 1997. 
 
Shell 1995:  Shell International Petroleum Company, The Evolution of the World’s Energy System 1860-
2060 (London:  Shell Centre, December 1995). 
 
Siegel, 1999:  Jack S. Siegel, International Collaborations in Fossil Energy Research, Development, 
Demonstration, and Deployment, Energy Resources International, Inc., Paper prepared for the PCAST 
International Energy RD3 Panel (February 1999). 
 
Siegal and Rackstraw 1999:  J.M. Siegal and K. Rackstraw, U.S. Renewable Energy Experience in the 
International Marketplace, Paper prepared for the PCAST International Energy RD3 Panel (February 
1999). 
 
Smith 1993:  K. Smith, “Fuel Combustion:  Air Pollution Exposures and Health in Developing 
Countries,” Annual Review of Energy and Environment, Vol. 18 (1993), pp. 529-566. 
 
Socolow 1997:  R. Socolow (ed.), Fuels Decarbonization and Carbon Sequestration:  Report of a 
Workshop, PU/CEES Report No. 302, September 1997. 
 
Steinbugler and Williams 1998:  M.M. Steinbugler and R.H. Williams, “Beyond Combustion:  Fuel Cell 
Cars for the 21st Century,” Forum for Applied Research and Public Policy (Winter, 1998), pp. 102-107. 
 
Taylor 1999:  J. Taylor, International Cooperation on Energy Research, Development, Demonstration, 
and Deployment for Nuclear Power, Paper prepared for the PCAST International Energy RD3 Panel 
(February 1999). 
 
UPVG 1993:  Utility Photovoltaic Group, TEAM-UP (Building Technology Experience to Accelerate 
Markets in Utility Photovoltaics). Proposal to the Office of Solar Energy conversion, Conservation and 
Renewable Energy, U.S. Department of Energy (27 September, 1993). 
 
WEC 1994:  World Energy Council, New Renewable Energy Resources—A Guide to the Future (London, 
UK:  Kogan Page). 



Powerful Partnerships 

5-34 

 
Williams 1995:  R.H. Williams, “Variants of a Low CO2-Emitting Energy Supply System (LESS) for the 
World,” Report No. PNL-10851, prepared for the IPCC Second Assessment Report, Pacific Northwest 
National Laboratory, Richland, Washington (October 1995). 
 
Williams 1998a:  R.H. Williams, “A Technological Strategy for Making Fossil Fuels Environment- and 
Climate-Friendly,” World Energy Council Journal (July 1998). 
 
Williams 1998b:  R.H. Williams, “Fuel Decarbonization for Fuel Cell Applications and Sequestration of 
the Separated CO2,” in R. Ayres (ed.), Eco-Restructuring:  Implications for Sustainable Development 
(Tokyo:  United Nations University Press, Tokyo), pp. 180-222. 
 
Williams 1998c:  R.H. Williams, “Hydrogen Production from Coal and Coal Bed Methane, Using By-
Product CO2 for Enhanced Methane Recovery and Sequestering the CO2 in the Coal Bed,” Proceedings of 
the 4h International Conference on GHG Control Technologies, Interlaken, Switzerland, 30 August - 2 
September 1998 (in press). 
  



6-1 

 
 
 
 

CHAPTER 6 
PORTFOLIO ASSESSMENT, PARTNERING 

AND PROGRAM MANAGEMENT 
 

 
Nine-tenths of wisdom is being wise in time. 

 
      Theodore Roosevelt1 

 
 
 

revious chapters described the serious and interconnected energy-related challenges faced by the 
United States and the world, the insufficiency of current national and international efforts in 
energy-technology innovation in the face of those challenges, and the consequent necessity, for 

purposes of filling the gap, of strengthening the energy-innovation pipeline and enhancing international 
RD3 cooperation on advanced energy end-use and energy-supply technologies.  This chapter concludes 
the Panel’s analysis with a brief overall assessment of the augmented international ERD3 portfolio 
developed in Chapters 3 to 5, a discussion of cross-cutting issues in the selection of and cooperation with 
international partners, and recommendations relating to the institutions, management mechanisms, and 
budgets employed by the U.S. government in implementing its international cooperative activities in 
energy-technology innovation. The chapter concludes with the reasons for believing that the current 
window of opportunity for addressing these issues with high leverage is unique and destined to be brief. 
 
 
PORTFOLIO ASSESSMENT 
 

The initiatives described in previous chapters form, in their totality, a coherent strategic portfolio 
organized around high-leverage mechanisms to strengthen the global energy-innovation pipeline and 
specific opportunities for cooperating internationally to accelerate the progress through that pipeline of 
advanced energy technologies offering large public benefits.  Predicting accurately the leverage of these 
initiatives against the energy-linked environmental, economic, and national-security challenges described 
in Chapter 1 is difficult if not impossible, because the initiatives are designed to leverage the activities of 
the private sector, multilateral institutions, and foreign governments in cooperative, market-based 
ventures whose ultimate impacts are difficult to quantify.  The whole may be expected to be greater than 
the sum of the parts.  We do, however, offer here a qualitative assessment of how these initiatives—when 
taken as a group—address the strategic and diversity criteria proposed for portfolio evaluation in the 1997 
PCAST study of U.S. energy R&D strategy. 
 
Portfolio Structure 
 

Chapter 3 defined a set of initiatives for strengthening the innovation pipeline for the research, 
development, demonstration, buy-down, and accelerated deployment of advanced clean energy 
technologies.  Chapters 4 and 5 identified a series of RD3 initiatives for improving specific technologies 
and moving them along the pipeline.  The mechanisms focused on the pipeline itself were portrayed 
                                                 
1 Roosevelt (1917) 
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schematically in Figure 3.7 and are summarized in Table 6.1.  Several aspects of this structure deserve 
emphasis here: 
 
• Mechanisms within the innovation pipeline focus on high-leverage competition-driven performance.  

These include the competitive Clean Energy Technology Obligation for buying down the costs of 
advanced technologies and rural concessions and other approaches for widespread market 
deployment, but also R&D and demonstrations through competitive solicitations. 

 
• The roles of other countries include reforming their energy sectors toward market-driven systems 

while ensuring that public benefits are built in, including mechanisms for: Public Benefits Funds 
(PBFs); R&D; demonstrations (Demonstration Support Facility—DSF); technology cost buy-down 
(Clean Energy Technology Obligation—CETO); deployment; costing of externalities; Integrated 
Resource Planning (IRP) and Demand Side Management (DSM); rural concessions; and others.  
Mechanisms such as the DSF and CETO may be implemented through the Global Environment 
Facility (GEF), the preferred option, or in direct partnership with the United States.  Details are 
described in Chapter 3 and summarized in Table 6.1. 

 
• U.S. roles in the above activities include encouraging establishment of GEF-based DSF and CETO, 

supporting capacity building, partnering to conduct R&D, and support for demonstrations, cost buy-
down, and widespread deployment.  Such support would also enhance prospects that industrial teams 
with U.S. partners would successfully compete in other countries’ ERD3 processes and play roles in 
widespread deployment of advanced clean energy technologies in those countries. 

 
• The roles of the GEF would include targeted research support, the establishment within GEF of the 

DSF and CETO mechanisms (preferred approach), incremental cost contributions to support 
demonstrations under the DSF and to help buy down new technology costs under CETO, and 
incremental cost support aimed at overcoming market barriers. 

 
• Other multilateral organizations also have important roles. The UNDP plays a valuable role through 

support of capacity building.  The World Bank and other MDBs can help finance the base costs of 
innovative clean energy technologies.  As energy restructuring increasingly displaces these MDBs 
from the financing of conventional energy technologies, MDBs should evolve towards supporting 
technologies offering significant public benefits and helping provide retail finance through to end-
users. 

 
• The U.S. private sector plays a key role throughout in creating partnerships with host-country firms, 

the U.S. and foreign public sectors, national laboratories, and universities for activities at each stage 
of the research, development, demonstration, buy-down, and deployment pipeline. 

 
Undoubtedly a variety of adjustments to the framework presented here will be needed as the indicated 
efforts to strengthen the innovation pipeline proceed.  But we believe the architecture we have presented  
outlines a fundamentally sound approach for enhancing energy-technology innovation—on a competitive 
and performance-driven basis—using a private sector-led but public sector-facilitated process.  We turn 
now to evaluating the portfolio against the criteria developed for portfolio analysis of the U.S. domestic 
energy R&D program in the 1997 PCAST study. 
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Table 6.1: Financial Support Strategies for IERD3 Partnerships for Clean Energy Technologies 
 
                           
Partner→ 

Host Country Industrial Partnerships U.S. Government GEF UNDP World Bank 
Group 

Examples from this  
Report’s Initiatives 

Value Chain 
         ↓ 

 Host 
Country 

U.S.      

Capacity  
Building 

Support from a 
Public Benefits 
Fund (PBF)* 

In-company 
and public-
private 
partnerships 

In-company 
and public-
private 
partnerships 

Support through Agencies (e.g., 
USAID) 

Direct support Direct 
support 

 --Capacity Building  
 

Research and 
Development 

Support R&D 
through PBF or 
other mechanisms 

In-company 
and public-
private 
partnerships 

In-company 
and public-
private 
partnerships 

Agency support will enhance 
prospects that US industry/partner 
teams will “win” CETO competition 
that could follow R&D and 
demonstration projects 

Targeted R&D 
to support GEF 
Operational 
Programs 

  --Factories of the 21st  
--Innovative Vehicles 
--Efficient Buildings 
--Fossil 
--Nuclear: NERI 
--Renewables 

Demonstration 
[Demonstration 
Support 
Facility (DSF)] 
 
 

Contribute to 
incremental cost of 
demonstrations to 
advance host 
country interests 

Contribute to 
base and 
incremental 
cost of DSF-
sponsored 
demon-
strations 

Contribute to 
base and 
incremental 
cost of DSF-
sponsored 
demon-
strations 

Encourage creation of GEF-based 
DSF (preferred); energy production 
tax credits for US companies in 
qualifying demonstrations; agency 
technical support; will enhance 
prospects that US industry/partner 
teams will win CETO competitions.  

Establish GEF-
based DSF 
(preferred) and 
contribute to 
incremental cost 
of 
demonstrations 

 Can help finance  
base costs of  
GEF-sponsored 
demonstrations  

--DSF 
--Vehicles 
--Buildings and 

Appliances 
--CO2 Sequestration 

Technology 
Cost Buy-down 
[Clean Energy 
Technology 
Obligation 
(CETO)] 

Contribute to 
incremental cost of 
buy-downs to 
advance host 
country interest  

Contribute to 
base and 
incremental 
cost of buy-
downs under 
CETO 

Contribute to 
base and 
incremental 
cost of buy-
downs under 
CETO 

Encourage creation of GEF-based 
CETO (preferred), with increased 
US contribution to GEF to enable 
larger GEF-organized CETO or else 
direct support to host-country-
organized CETO  

Establish GEF-
based CETO 
(preferred) and 
contribute to 
incremental cost 
of buy-downs 

 Can help finance  
base costs for  
GEF-sponsored 
buy-down projects 

--CETO 
--Vehicles 
--Buildings and 

Appliances 
--Renewables 

Widespread 
deployment 

Work to overcome 
barriers to deploy-
ment of commercial 
clean energy tech-
nologies.  Establish 
rural concessions 

Lead role Lead role.  
Possible 
Joint Imple- 
mentation, 
CDM, or 
other credit 

Technical support to World Bank 
Group and others to help them 
design strategies to overcome 
various barriers, including high 
transaction costs; loan guarantees to 
facilitate retail financing 

Contribute to 
incremental cost 
arising from 
barriers 

 Transition to clean 
energy technolo-
gies and retail 
finance.  Evolve 
mechanisms to 
overcome barriers 

--Finance Initiative 
--Combined Heat & 

Power 
--Nuclear Safety 

*A Public Benefits Funds (PBF) is a fund established to advance energy-related public benefits and could be supported through a nonbypassable wires/pipes charge, or through 
other mechanisms.  PBFs might be established with initial assistance from debt for PBF swaps. 
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Strategic Criteria 
 

As defined in the PCAST 1997 study, strategic criteria relate to the prospective leverage of the 
RD3 portfolio to address the principal energy-linked economic, national security, and environmental 
challenges.  The technology-specific initiatives proposed in this report are tabulated against global 
sectoral energy demand and energy supply in Tables 4.5 and 5.4.2   Many of the initiatives extend U.S. 
domestic energy activities into the international arena, particularly to developing and transition countries.  
Elements of the leverage of the portfolio against the specific challenges outlined in Chapter 1 include the 
following. 
 

Economic Challenges 
 

Consumer costs and economic development.  The portfolio of energy-efficient technologies in the 
buildings, industry, and transport sectors will reduce lifecycle costs of energy services, benefiting firms 
and individual consumers directly and, in developing countries in particular, saving capital for other 
pressing needs.  The portfolio of advanced energy-supply technologies will likewise lower consumer 
costs for clean energy below what they would otherwise be and will provide modern energy services to 
rural areas, encourage rural economic development, slow rural-to-urban migration, and provide such 
collateral benefits as assisting in the restoration of degraded lands to become productive for the economy 
and the environment (Chapter 5). 
 

Markets.  As indicated in Table 1.4, global annual investment in energy-supply technologies is 
projected, depending on the scenario, to be in the range of roughly $400 billion to $600 billion per year 
out to 2020 and $600 to $1200 billion per year between 2020 and 2050. Investments of similar 
magnitudes will be made in high-energy-use industrial equipment (e.g., energy-intensive industrial 
processes, motors, pumps, fans, control systems) and consumer products (e.g., lights, refrigerators, air 
conditioning, cars).  As noted in Chapters 4 and 5, growth in world markets for products ranging from 
energy-intensive materials for building infrastructure, consumer products, and energy-supply technologies 
such as coal, nuclear, or renewable power will increasingly be in developing countries. Already, most of 
the coal, nuclear, and renewable energy markets are outside the United States.  The survival of many U.S. 
companies will depend on their ability to penetrate these markets, a challenge magnified by tied aid and 
other trade supports by foreign competitors. 
 

Environmental Challenges   
 

Local and Regional Air Pollution.  This is the set of energy-linked environmental problems 
having the greatest current ecological and health impact—and corresponding political salience—in most 
parts of the world, as the discussion in Chapter 1 emphasizes.   The relevant emissions of particulates, 
hydrocarbons, SOx, and NOx come from the wide spectrum of fossil-fuel-burning and biomass-fuel-
burning technologies—from wood stoves and motorbikes to jumbo jets and coal-burning power 
stations—that among them account for about 90 percent of world primary energy supply.  Virtually all of 
the initiatives proposed in this report would bring significant leverage against one or another of the 
contributors to these pervasive air-pollution problems.  

 
Greenhouse Gas (GHG) Emissions. The initiatives identified in this report could significantly 

reduce global GHG emissions and therefore mitigate the negative consequences of anthropogenically 
induced global and regional climate change.  Factories of the 21st Century would reduce emissions of 

                                                 
2 For comparison, the U.S. domestic energy R&D initiatives proposed in the 1997 PCAST energy R&D study are 

summarized in Appendix C. 
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energy-intensive processing, which account for about half of industrial energy use (and industrial energy 
use currently accounts for about half of total transition and developing country energy use, as indicated in  
Table 4.2).  The Buildings initiative would cut that sector’s energy use roughly in half (and buildings 
account for about one-third of current total transition and developing country energy use).  On the energy-
supply side, the renewables, fossil, and nuclear initiatives would contribute substantially to reducing 
GHG emissions from the power and fuels sectors. 
 

National Security Challenges   
 

Oil Security.  The United States and other nations of the world are dependent on oil and gas 
supplies that are frequently located in politically volatile regions.  As discussed in Chapter 1, increased 
global demand for these products could increase the probability of conflicts over their acquisition. The 
buildings, industry, and transport efficiency initiatives proposed in this report would each contribute to 
savings in oil use.  Parts of the fossil-fuel and renewables initiatives promoting production of liquid fuels 
from natural gas, coal, or biomass would also tend to dampen growth of world oil demand. 
 

Proliferation.  Nuclear-proliferation concerns are an important component of the nuclear-energy 
initiatives described in Chapter 5, which address these concerns both through short-term measures to 
improve proliferation resistance of existing nuclear-energy operations and through long-term research to 
explore possibilities for substantially more proliferation-resistant fuel-cycle options. 
 
Diversity Criteria 
 
 The previous PCAST report acknowledged the desirability of pursuing a portfolio that spanned 
different time frames, technology pathways, and degrees of technical risk.  That report was focused 
mainly on domestic R&D; the “diversity criteria” for international cooperative portfolios that include 
heavy emphasis on demonstration and deployment include additional dimensions.   
 

With respect to diversity across time scales, the initiatives proposed by this Panel can be divided 
into three categories: 
 
• near-term initiatives (< 5 years), where energy-sector personnel and policymakers can receive energy-

related training; “off the shelf” technologies can be deployed to meet national energy demands in an 
environmentally benign and economically efficient manner; and markets can be restructured to allow 
privatization and foreign investments while preserving public benefits;   

 
• medium-term initiatives (5-20 years), in which existing but costly technologies are made more 

affordable or adapted to changing global and national conditions; emerging or advanced technologies 
are demonstrated; and significant penetration of more efficient processes or energy-supply 
technologies can occur in those sectors of the economy with long technology lifetimes and thus low 
turnover;  and 

 
• long-term initiatives (20 years and beyond), in which investments in R&D for advanced or new 

technologies will begin to yield results. 
 
 The portfolio of initiatives presented here obviously embodies, as well, diversity across the 
sectors of energy demand and supply—the industrial, transportation, and building sectors of energy 
demand and the renewable, fossil, and nuclear sectors of energy supply—and diversity in the actors who 
would participate in bringing these innovations about—local and national governments; the private sector; 
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local, national, and international NGOs; and Multilateral Development Banks and other international 
institutions (see Table 6.1). 
 
 Finally, the portfolio of initiatives described in this report acknowledges the need for diversity on 
another level—a diversity of approaches including not only research and development but investments in 
building the human and institutional capacity underpinning R&D and investments in bringing the fruits of 
R&D into the marketplace and accelerating their competitive success. 
 
 
IDENTIFYING AND DEVELOPING EFFECTIVE PARTNERSHIPS 
 

The need for international partnerships in energy RD3 is clear and compelling, but with whom 
should the United States partner and what form should the partnerships take?  No matter how promising 
the initiatives, success or failure is significantly determined by the effectiveness of the partners, 
managers, and program staff in carrying out the work. 

 
The choice of partner is very important to the success of international, cooperative ERD3 initiatives 

and broader strategic goals. There is a large body of literature that distills the characteristics that can lead 
to successful selection of partners, and successful program development and implementation.3  These 
include:  
 
• Mutual interests, which need to be clearly evident to the participants in any project being pursued.   
 
• Mutual investments, which demonstrate mutual commitment to the cooperative venture, help 

maintain continuity, and give common standing to participants. 
 
• Agreement on goals and milestones, timetables, responsibilities, sharing of intellectual property 

rights, etc., which is critical in assuring a cost-effective venture, and permits continued progress as the 
project advances or evolves with respect to its original design. 

 
• Streamlined management, which is essential for minimizing bureaucratic and transaction costs, and 

maintaining clear lines of communication.  
 
• Continuity of support, which must be matched to the projected time to complete milestones and 

achieve goals, enabling the research to be carried out in an efficient way. 
 
• Periodic, independent oversight, which is critical for keeping the project focused and responsive.   
 
• Structural readiness, which provides an essential foundation for all other components of the 

cooperative venture.   
 
 
 

                                                 
3 We have benefited greatly in developing the ideas in this chapter, as well as elsewhere in our report, from a set of 

expert papers commissioned by the panel on the lessons learned from past and ongoing efforts at international 
cooperation on energy and similar issues, and from invited oral and written communications to the panel from an 
even wider array of experts from the United States and abroad.  The paper titles and authors are listed, together 
with the names and affiliations of the other invited commenters, in Appendix A.  Of particular value here are 
Alston and Pardey (1999), Dean (1999), Goldemberg (1999), Siegel (1999), and Taylor (1999). 



Chapter 6: Portfolio Assessment, Partnering, and Program Management    

6-7 

 
In addition, the Administration might want to include further considerations: 
 
• Geopolitics.  Is the country important geopolitically?  Is the country a regional leader with potential 

regional leverage? 
 
• Market size.  Is there a large potential market within the country?  Is it sufficiently large to quickly 

generate economies of scale and learning in producing, using, and maintaining the technology?  What 
is the willingness and ability of the population to pay for the energy technology/service? 

 
These are only indicative criteria, and there will be many exceptions.  Most important will be partnering 
with countries to encourage them to move towards market mechanisms, while advancing public benefits 
and the forms of innovation that enhance capabilities to provide such benefits in cost-effective ways. 
 
 
PROGRAM MANAGEMENT 
 
 In the preceding sections, we have surveyed the ingredients and leverage of the portfolio 
approach developed in Chapters 3 to 5 for enhancing international cooperation in energy-technology 
innovation, and we have discussed a variety of issues that arise in forming and implementing the 
international partnerships that such cooperation requires.  We turn now to the mechanisms and institutions 
through which the U.S. government manages and coordinates its portfolio of international ERD3 
programs and the associated partnerships: what characteristics are desirable in these management 
mechanisms and institutions; how the existing management efforts stack up against these desiderata; and 
what initiatives we propose in pursuit of needed improvements.  
 
Management Desiderata 
 
 The reviews of past and current experience provided in the preceding chapters and in the expert 
papers commissioned by the panel make clear that the elements of a successful system for managing the 
U.S. government’s international ERD3 cooperation efforts must include the following. 
 
• Strategic vision.  The management of these activities needs to be informed by an over-arching vision 

of what the programs are trying to achieve, how these programmatic goals relate to U.S. national 
interests and values, and how they relate to the interests and values of partner countries.  There must 
be mechanisms for developing and agreeing upon this strategic vision, for propagating it into the line 
agencies responsible for implementing the programs, and for evaluating the agency programs for 
completeness and effectiveness against it (about which we present more below). 

 
• Program definition.  The management system must be able to ensure that the programs and the 

projects within them are clearly defined and delineated, with goals, schedules, budgets, and 
responsibilities specified for all of the participants, and with clear articulation of the relation of 
projects to program, the relation of programs to one another, and the relation of all of it to the 
strategic vision. 

 
• Terms of partnership.  The management system must develop and propagate a systematic approach to 

the “partnering” issues discussed above, including (a) means of reaching agreement, before projects 
are launched, on equitable sharing of intellectual property and other fruits of the collaboration, and on 
local content, labor, and other inputs, and (b) mechanisms for consultation, feedback, and dispute 
resolution among the partners once the project is underway.  Resolving the issues in both of these 
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categories before commitments are made helps avoid squabbles later and greatly increases the 
chances of achieving project goals. 

 
• Management responsibility.  Each agency with a role in international ERD3 cooperation should have 

clear lines of authority and accountability for the international part of the agency’s ERD3 work.  
Similarly, field-program management should have clear lines of authority and accountability to drive 
the program forward to a successful conclusion.  Protections against political interference with the 
appropriate execution of these management functions should be built into the larger agency and 
interagency structure. 

 
• Coordination across agencies.   In addition to coordination within agencies, good coordination across 

agencies is also required.  This can minimize duplication of effort and take advantage of the synergies 
between agencies whose foci are on different parts of the innovation pipeline: energy technology 
R&D (DOE), environment (EPA), development assistance (USAID), and trade assistance (DOC, Ex-
Im Bank, OPIC, TDA).  The needed coordination must be organized in a way that avoids the pitfall of 
consuming so many human resources in coordination that none are left to execute the programs.  
More difficult still is coordination between ERD3 cooperation policy and other government policies 
that interact with (or interfere with) such cooperation, but mechanisms for this are essential.   

 
• Coordination with the private sector.  Programs and projects need to be closely linked with related 

efforts and expertise in the private sector in order to ensure that the private sector’s relevant insights 
are utilized in the research and development phases, as well as to ensure that demonstration and 
deployment support are conducted in ways that maximize the probability of successful 
commercialization.  Mechanisms must exist for “hand-off” of government programs and projects to 
the private sector, and for withdrawal of the government from joint projects at the point where 
government involvement is no longer needed or appropriate. 

 
• Review and evaluation.  Program and project review and evaluation are crucial management 

functions, necessary to keep efforts focused, responsive, on schedule, on budget, and appropriately 
coordinated across projects, programs, agencies, and sectors.  The processes of review and evaluation 
should avoid excessive inside-agency micro-management while maximizing the use of outside-expert 
peer review and interagency and private-sector/NGO/academic-sector advisory bodies.  Mechanisms 
must exist for terminating projects and programs that review and evaluation consistently show to be 
unpromising. 

 
• Long-term commitment.  Notwithstanding the need to be able to terminate unpromising programs, the 

U.S. government’s overall commitment to build and maintain strong international cooperation in 
ERD3 must have staying power.  The innovation pipeline—from capacity building, to conduct of 
R&D, to demonstration, to lowering barriers to deployment—is long and time-consuming, and 
traversing it successfully requires a long-term commitment of personnel and other resources by the 
United States with as much continuity across personnel, programs, and priorities as possible.  
Similarly, a strong commitment by the foreign-country partner(s) is necessary, and judgments of 
capacity to make and sustain such commitments will properly enter the determination of what 
partnerships to undertake. 

 
Management Status Quo 
 
 To what extent do the management mechanisms and institutions already in place in the U.S. 
government meet these requirements?   Our review of existing programs and the management of these has 
necessarily been incomplete because of constraints on the time and resources available for this task.  The 
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information we have reviewed has been sufficient, however, to strongly suggest that, although groups of 
knowledgeable and dedicated individuals in all of the agencies involved have succeeded in developing 
and operating a variety of quite effective activities in international ERD3 cooperation, these achievements 
have been in spite of—even as many shortcomings and failures have been caused by—major deficiencies 
in the existing management mechanisms and institutions on the criteria just enumerated.  The shortfalls 
are particularly problematic in relation to strategic vision, coordination within and across agencies, review 
and evaluation, and long-term commitment, which topics we therefore treat in what follows in some 
detail. 
 
 Strategic Vision 
 
 The several Federal agencies presiding over significant parts of the existing international ERD3 
portfolio have a variety of missions and, correspondingly, varying and somewhat piecemeal visions of 
what is to be achieved.  DOE, in its energy responsibilities (as opposed to its responsibilities in nuclear 
weaponry, environmental remediation, nuclear waste management, and basic science), is mainly engaged 
with research and development.  USAID is an economic-development assistance agency. EPA promotes 
programs that improve environmental quality.  The Export-Import Bank, the Trade and Development 
Agency, and the Overseas Private Insurance Corporation are trade-assistance agencies.  The Department 
of Commerce, insofar as its activities relate to international cooperation in ERD3, is a trade promotion 
agency.   
 
 The Department of Energy periodically issues “National Energy Strategy” documents containing 
quite comprehensive and compelling goals and including a degree of emphasis on the potential 
contributions of international cooperation in achieving them;4 but detailed prescriptions for what is 
required of international cooperation and how it could be achieved in adequate measure are absent, and 
the mechanisms for propagating and reflecting the National Energy Strategy’s goals even within DOE—
never mind beyond that agency—are  inadequate.5   USAID’s “Climate Change Initiative 1998-2002" 
embodies a shorter-term vision of what this agency’s deployment-oriented efforts might achieve—and 
how they will achieve it—against the goal of moderating greenhouse-gas-induced climate change;6 but by 
its agency-centered nature the document is not the comprehensive vision statement that international 
ERD3 cooperation requires.  The Executive Office of the President (EOP)—wherein reside the Office of 
Science and Technology Policy, PCAST, the National Science and Technology Council, the Council of 
Economic Advisors, the National Security Council, the Council on Environmental Quality, and the Office 
of Management and Budget—is the locus within the Executive Branch best equipped to develop and 
promulgate a strategic vision of the role of international ERD3 cooperation in addressing the country’s 
economic, environmental, and security interests.  However, until the President’s July 1998 request to 
OSTP Director Neal Lane (which led to the formation of this panel), no part of the EOP had been given 
this mandate. 
 
 Neither has strategic vision on this issue been provided by Congress.  Quite the contrary, 
Congressional consideration of international technological cooperation in general and ERD3 cooperation 
in particular has often been substantially shaped by an orientation toward thinking of international 
economic and technological interactions in terms of competition and solely U.S. interests rather than 
cooperation and mutual self-interests, lack of interest in energy issues while energy prices are low, the 
Congress’s fragmented committee structure, and a special mistrust of several of the lead Executive 

                                                 
4 See, for example, DOE (1998). 
5 See the concluding chapter of the previous PCAST energy R&D study (PCAST 1997, Chapter 7). 
6 USAID (1998). 
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Branch agencies in the energy-cooperation area, namely DOE, EPA, and USAID.  (Table 6.2 summarizes 
a number of often-expressed Congressional concerns about international ERD3 cooperation together with 
this panel’s findings on these topics.)  The general Congressional lack of interest in and sometimes 
outright opposition to international cooperation on ERD3 not only has constrained the funding for such 
activities but also has caused the agencies to downplay their activities in this category and to refrain from 
even thinking about articulating an overarching strategy. 
 

Perhaps not surprisingly, then, much of the current U.S. international ERD3 portfolio has been 
developed in an ad hoc manner.   Countries, regions, and projects have become priorities based not on 
any overarching vision but for more prosaic reasons.  Many projects have originated under the pressure of 
providing “deliverables” for high-ranking U.S. officials on international travel, in response to visiting 
dignitaries, or to pay a debt or return a favor to a leader or locale involved in unrelated international 
issues.  (At the same time, program staff in some agencies find that such high-level agreements are often 
the only means—given predictable opposition to more systematic efforts from some parts of Congress—
to gather sufficient internal support to maintain an international presence and, within that, to conduct 
useful work.)  A certain amount of linkage to international politics is to be expected, but such factors 
should not be the major driver and shaper of the overall international ERD3 portfolio. 
  

Coordination Within and Across Agencies 
 
 A principal “management” finding of the previous PCAST energy R&D study was that there is 
insufficient communication and coordination across the major energy-related divisions of DOE—Basic 
Energy Sciences, Fossil Fuels, Nuclear Energy, and Renewable Energy and Efficiency.  (Meetings take 
place across these boundaries, but lack of clear lines of authority and accountability for coordination tend 
to minimize the results.)  This management shortcoming adversely affects international cooperation as 
well as domestic energy R&D programs, and it is mirrored to some extent within most of the other 
agencies with significant activities related to international ERD3 cooperation.  
 
 Relatively little effort is being made to develop or adapt technologies for emerging markets or to 
link activities together in a systematic process that moves high-potential technologies through the 
innovation pipeline.  While DOE has developed and is promoting many sophisticated energy technologies 
in the United States that could be of great value elsewhere in the world, too little effort is being made to 
extend their potential application to the vast developing-country and reforming-economy markets for 
energy end-use and supply technologies.  Research, development, and cost buy-down efforts are often not 
linked, moreover, with agencies focused individually on specific parts of the innovation pipeline, and 
little consideration is given by anyone to how these segments need to link together. 
 
 One problem in interagency coordination is the inadequate connection between R&D-focused 
DOE and development-assistance-oriented USAID.  In many cases, USAID has resisted being overly 
involved in early demonstration and deployment of advanced energy technologies on the grounds that 
problems with the technology could risk developing country clients’ financial resources as well as the 
credibility of USAID.  Where USAID has been involved with technology deployment, it has usually 
focused on existing commercial technologies or relatively straightforward adaptations of existing 
technologies that can benefit developing countries but are being impeded by market barriers of various 
kinds (Table 4.1). These are, of course, critical issues to address, particularly the problems of avoiding 
excessive risk to clients, facilitating end-user finance (especially for high capital-cost systems), assisting 
equipment distribution, operations and maintenance, and minimizing transaction costs.  In these cases, the 
challenge is not deploying innovative technologies but those that are commercially available and 
appropriate.  In other cases, the paucity of technologies developed for the conditions of developing 
countries and the ineffectiveness of retrofits in many instances have limited the availability of viable 
technologies. Closer collaboration between USAID-supported projects in the field, DOE’s national labs, 
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and other technology developers could be helpful to both agencies as well as in advancing and diffusing 
energy-technology innovation.  Efforts internal to USAID, DOE, and the national laboratories are being 
made to increase these collaborations and these efforts should be strongly encouraged at the highest levels 
in these agencies. 
 

Table 6.2: Congressional Concerns and Panel Findings  
 
Congressional 
Concern:    
International 
Energy RD3 
is... 

This Panel’s Findings … 

poorly managed 
by Executive 
Branch agencies,  
wasting taxpayer 
dollars; 

We identified a number of well-managed programs and some that were less well managed.  In 
general, the biggest management problems are lack of an overarching strategic vision and 
insufficient coordination of programs within and across agencies to meet that vision (although 
there is substantial agency effort to coordinate).  The responsibility for these shortcomings is 
shared by the Executive Branch, which has not tried to implement an overarching vision, and 
the Congress, whose opposition to cooperation has helped deter the Executive Branch from 
articulating one.  In any case, the high rates of return to R&D and the substantial economic 
benefits of cooperating on it make it unlikely that these programs have been money wasters. 

a giveaway to 
other countries; 

Most international cooperation on ERD3 serves U.S. economic, environmental, and security 
interests.  In economic terms, it provides the United States with access to sources of innovation 
elsewhere as well as access for U.S. technologies to overseas markets that are often larger than 
our own. 

corporate 
welfare; 

The possibility of inappropriately subsidizing corporate activity is a risk that must be 
monitored.  In general, however, Federal support for international energy RD3 augments 
private investments in the innovation pipeline appropriately in order to gain public benefits in 
excess of private returns.  Assistance to U.S. companies in overcoming barriers to successful 
deployment of innovative technologies in foreign markets may bring environmental and 
security benefits to U.S. citizens as well as benefiting the U.S. economy. 

undercutting U.S. 
companies with 
loss of 
intellectual 
property; 

Intellectual property issues are always a concern and require ongoing attention.  Partners in 
U.S. international ERD3 cooperation should be signatories to international protocols on 
copyright and patent rights, and the U.S. Government should ensure that broad umbrella 
agreements are in place and specific intellectual property rights are defined in all programs and 
projects.  

a source of 
junkets for 
government 
bureaucrats; 

Those who do this kind of work, particularly in developing countries, can attest to the long 
hours, difficult working and living conditions, frequent illness, and long periods away from 
home and family.  These activities are rarely junkets. 

back-door 
implementation 
of the Kyoto 
protocol. 

International ERD3 cooperation brings many benefits to the United States besides reducing the 
risks of climate change.  In relation to climate, moreover, the Kyoto Protocol is about targets 
and timetables for reductions in greenhouse-gas emissions out to 2012, while ERD3 
cooperation commits no one to any specific targets or timetables but positions everyone to 
reduce emissions more cost effectively to any targets/timetables eventually agreed upon.  

 
 
 Another shortcoming in coordination is between USAID and the trade-promotion agencies.  
USAID emphasizes institutional and human capacity building first, then programs, and finally projects.  
Trade-promotion agencies emphasize projects and moving hardware into the field—often one U.S. export 
sale at a time. There has frequently been a gulf between these two perspectives.  USAID officials have 
seen many “airdrops” of hardware into the field, particularly by foreign donors, that have not been backed 
by the human or institutional capacity needed to make effective use of or maintain that hardware.  They 
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see project-based funding that promotes the technology preferences of the donor, which in turn promotes 
boom-bust cycles as industries and donor politics shift.  Industry, for its part, sees USAID-supported 
development of infrastructure and institutional/human capacity being used by foreign competitors who 
have further advantage of concessionary financing provided by their governments. There is truth in both 
perspectives.  Needed are larger and longer-term resource availability plus improved coordination for 
effective institutional and human capacity building underpinning the development and installation of real 
energy infrastructure and the growth of energy-technology markets to a sustainable scale.   
 
 Review and Evaluation 
 
 As noted about DOE’s domestic R&D program’s in the 1997 PCAST study, the problem with 
program and project evaluation is most often not that it is absent but that it consists of too much internal 
process-oriented review and too little external substance-oriented peer review.  Greater use of the kinds of 
independent expertise that can be brought to bear by the National Research Council (as used to good 
effect in annual reviews of the Partnership for a New Generation of Vehicles) or through the technical 
advisory bodies to the individual agencies would be desirable. 
 
 We note also that the purpose of review and evaluation in both national and international ERD3 is 
not to prevent failure altogether, but to terminate unpromising projects once their lack of promise has 
become clear to perceptive and independent observers and to provide guidance on how to improve 
programs.  If there are no failures, this is an indication that the ERD3 agenda is insufficiently ambitious.  
In practice, the oversight process that has existed for ERD3 activities—and above all for international 
ones—has been so focused on attacking failure that it has created a risk-avoiding program-management 
culture.  This does not serve the national interest in innovation. 
 
 Long-Term Commitment 
 
 The long time scales often associated with energy R&D—compounded by the time requirements 
of capacity building, technology demonstrations, and lowering barriers to deployment of advanced 
technologies—require that commitments to ERD3 cooperation be sustainable over long periods; but 
inability to achieve this has been a frequent shortcoming of U.S. government efforts.  The causes have 
included the short budget cycles and changing interests and priorities of the Congress; rapid turnover in 
the middle-level positions as well as leadership positions in the Executive Branch agencies (a problem 
aggravated by the penetration of political appointments down in the management chain); and the 
vulnerability of long-running projects to budgetary attack in times of fiscal constraint.   
 
 In any case, the United States has developed something of a reputation as an unreliable partner in 
large-scale, long-range R&D collaborations, with the cancellation of the Superconducting Supercollider 
and termination of U.S. participation in the International Thermonuclear Experimental Reactor as 
conspicuous recent examples outside and inside the energy domain.   If this syndrome is not to imperil the 
capacity of this country to promote effectively the program of international ERD3 cooperation we have 
argued here is strongly in the U.S. national interest, steps will need to be taken to improve the capacity of 
the U.S. government to sustain commitments in this area over the long periods required to move advanced 
technologies through the innovation pipeline.  Such steps will have to include, at the least, the 
development of a degree of bipartisan consensus in the Congress about the benefits of ERD3 cooperation 
in terms of U.S. interests and values; a commitment by the Executive Branch to continue to make and 
defend the budget requests that these efforts require; and the implementation of measures to reduce 
turnover and increase institutional memory in the relevant Executive Branch agencies.  There must also 
be more systematic efforts to increase public awareness of the immense benefits of ERD3 cooperation in 
relation to its modest costs, for such awareness will be the most durable foundation for the various forms 
of sustained policy-maker commitment that will be required. 
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MANAGEMENT INITIATIVES 
  
 Based on this analysis, our management initiatives address mechanisms and institutions through 
which the U.S. government, in cooperation with the private sector, can more effectively develop, manage, 
and coordinate a portfolio of governmental activities in support of international ERD3 cooperation 
consistent with an overarching vision of what this portfolio is to accomplish.  Three high-priority 
initiatives address these issues: 
 
High-Priority Initiative:  Interagency Working Group 
 
 Goals 
 
 The goals of this initiative are to improve the comprehensiveness and effectiveness, enhance the 
visibility, and increase the accountability of U.S. activities in support of international ERD3 cooperation 
by providing White House-level interagency coordination and leadership of these efforts. 
 
 U.S. Actions 
 
 The President should establish a new interagency working group within the National Science and 
Technology Council (NSTC) to further develop and promote a strategic vision of the role of U.S. 
contributions to international ERD3 cooperation in support of this country’s national interests and values.  
This NSTC working group would: 
 

(1) have an interagency secretariat and an advisory board drawn from the private, academic, and 
NGO sectors; 

 
(2) be responsible for assessment of the government’s full portfolio of activities in international 

ERD3 cooperation—in consideration of the overarching strategy of the effort, the needed 
components of the innovation “pipeline” and links between these, and appropriate diversity and 
public-private interface criteria—and for using the results of such portfolio assessment to help 
guide and coordinate the evolution of the relevant agency programs; and  

 
(3) assist the agencies to strengthen their internal and external mechanisms for monitoring and 

reviewing projects, for terminating unsuccessful ones, and for handing off successful ones to the 
private sector at the appropriate time. 

 
 Elaboration 
 
 The NSTC working group would identify key performance goals for U.S. efforts in international 
ERD3 cooperation, linked to U.S. economic, environmental, and security objectives over 5-, 10-, 25-, and 
50- year timeframes.  It would work with Congress in the development of these goals and corresponding 
portfolios, plans, budgets, and mechanisms to provide continuity and long-term commitment to the 
associated international collaborations.  It would ensure coordination of relevant activities across agencies 
to maximize their value, avoid duplication of effort, and reduce destructive competition.  It would oversee 
and review partnerships created by the Executive Branch agencies, alone and in combination, with other 
governments, multilateral organizations, NGOs, and firms.   
 
 The interagency secretariat that would staff and support the operations of the NSTC working 
group would be composed largely of agency detailees, who would be committed full time to the 
international ERD3 duties assigned by the NSTC working group.  This approach would serve international 
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energy cooperation by utilizing the technical capabilities spread throughout the government, as opposed 
to assigning leadership based on the outdated notion that some agencies are international while others are 
domestic. 
 
High-Priority Initiative: Improve International ERD3 Management Within Agencies 
 
 Goals 
 
 The goals of this initiative are to increase the role of competitive solicitations in project 
development, to improve coordination of and accountability for international ERD3 activities within 
individual agencies, and to strengthen the capabilities of the agencies for conducting these international 
efforts. 
 
 U.S. Actions 
 

(1) Agencies should initiate the use of competitive solicitations, in cooperation with foreign 
counterparts, to identify the most promising approaches to achieving portfolio and program goals.  
A well developed business plan for moving a technology through the RD3 pipeline and deploying 
it on a significant scale should be a prerequisite for winning a competition. 

 
(2) Cabinet secretaries or administrators of the key agencies implementing the international ERD3 

cooperation portfolio should identify appropriate accountable management chains with authority 
and budgets for implementing these programs. 

 
(3) Agencies should strengthen their international capabilities through training, targeted hiring, and 

rotating national laboratory staff and outside academic and industrial technical experts through 
the agencies on a systematic basis, giving these persons senior professional status with significant 
responsibility for guiding program planning and policy. 

 
 Elaboration 
 
 Implementation of individual programs and projects would be managed at the agency level.  We 
found that the principal agencies now involved in international ERD3 cooperation have complementary 
capabilities and that no one of them is designed or equipped to manage and implement all aspects of the 
international ERD3 effort that is required.  USAID has strong international capabilities; DOE has strong 
technical capabilities; EPA is an environmental leader; the trade agencies offer substantial financial and 
export assistance capability. An NSTC working group can solve the key management problem of utilizing 
all of these agencies, along with the multilateral development organizations to which the United States 
contributes, to their full capacities without undermining initiative or creating bureaucratic impediments.  
Leadership comes from the NSTC working group within the White House, but implementation is 
decentralized.   
 
High-Priority Initiative: Strategic Energy Cooperation Fund 
 
 Goals 
  
 This initiative would provide additional funding for Federal activities in support of international 
ERD3 cooperation, beyond the currently funded activities, reflecting the over-arching strategy of the 
government’s international ERD3 activities. 
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 U.S. Actions 
 
 The President should create a new Strategic Energy Cooperation Fund, supplementing existing 
budgets for international ERD3 activities and the budgets proposed in the 1997 PCAST study for U.S. 
domestic energy R&D programs.  The amounts estimated for the four “foundation”, four “end-use-
efficiency”, and three “energy-supply” initiative clusters we have recommended sum to $250 million per 
year in FY2001 and $500 million per year in FY2005 (as-spent dollars). The money from the Strategic 
Energy Cooperation Fund would be 
 

(1) allocated to the relevant agencies in the President’s budget request as the outcome of a process 
engaging the agencies, the Office of Management and Budget, and the Interagency Task Force on 
Strategic Energy Cooperation and its Advisory Board; 

 
(2) multi-year in duration in most instances, to diminish the influence of annual funding cycles on 

project selection and continuation and to promote the continuity of commitment that has often 
been lacking in U.S. international-cooperation efforts. 

 
 Elaboration 
 
 The Strategic Energy Cooperation Fund at the level proposed here would add, in FY2001, an 
amount of new money for these types of activities—$250 million—approximately equal to the total that 
was spent on them in FY1997.  The ramp-up of a further $250 million between FY2001 and FY2005 
would bring the total for international ERD3 cooperation in the latter year to about $750 million. The 
breakdown of these totals at the level of the initiative clusters is shown in Table 6.3; these sums are 
intended to cover both the “high priority” and “other important” elements of these initiative clusters as 
elaborated in Chapters 3 to 5. Money made available, within the program’s indicated FY2001 to 2005 
trajectory, by phasing out support for projects that either fail or that succeed and get taken over by the 
private sector could be used for further high-leverage projects identified through the continuing 
interactions of agencies, the Interagency Task Force and its Advisory Board, foreign partners, and other 
energy-technology users.    
 

The process of project development based on competitive solicitations would begin with broad 
top-down NSTC working group guidance to the Agencies on the overall portfolio to ensure public 
benefits and effective program performance, coordination, and accountability.  Agencies would establish, 
in cooperation with foreign counterparts, sector-level competitive solicitations to identify the most 
effective approaches to the international ERD3 cooperation goals identified within this broad portfolio, 
ensure that the activities appropriately meet the project criteria identified above, and have the champions 
needed to carry the project through to successful completion.  Such an approach is consistent with a 
central theme of this report of moving toward a competitive- and performance-driven environment and 
recognizes the power of encouraging those who are directly involved in these efforts to design projects 
that work effectively in the field, meeting the needs of those for whom the work is intended.   It also 
incorporates the need for streamlined management while maintaining careful program monitoring and 
evaluation with external peer review.  This would allow senior officials to establish needed cooperative 
agreements with foreign counterparts by identifying areas of interest and appropriate levels of funding 
support, and then initiate competition to identify how best to meet goals rather than attempting to specify 
as well project and implementation specifics.  
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Table 6.3.  Breakdown of Strategic Energy Cooperation Fund by Initiative Cluster 

 

 FY 2001 
$ Million 

FY 2005 
$ Million 

Capacity building 20 40  
Sector reform 20 40 
Demo/buy-down 40 80 
Finance 40 80 
Buildings 20 40 
Transportation 20 40 
Industries of the 21st century 10 20 
Cogeneration 10 20 
Renewables 40 80 
Fossil 20 40 
Nuclear 10 20 
Total 250     500 

 
 
  
Management Architecture for the Government’s International ERD 3 Activities 
 

These international cooperative ERD3 activities require a long-term commitment and continuity; 
a strong public component to ensure public benefits; recognized technical leadership; and cross-
technology capability to ensure that needs are met at the lowest cost.  They require the ability to move the 
clean technologies into demonstration and large-scale deployment.  And they require capacity building 
and independent analysis.  Repeating a frequent refrain from PCAST 97, these requirements can best be 
met through national laboratory/industry/university partnerships in cooperation with their foreign 
counterparts.  National labs are essential for providing long-term commitment and institutional memory, 
technical leadership, cross-technology capability, and an emphasis on public benefits; these critical needs 
have not adequately been provided by agency staff and are unlikely to be given the many other conflicting 
demands on their time.  These factors and the public-linked, not-for-profit status of the labs provide them 
credibility with foreign institutions and enable them to play a unique and central role in facilitating these 
international cooperative ERD3 efforts.7  The private sector obviously plays the lead role in large-scale 
demonstration and deployment; as do universities in capacity building, fundamental research, and 
independent analysis. 
 
 The structure and function of the proposed arrangement is depicted schematically in Figure 6.1. 
 
 Beyond the details of this arrangement, we believe it is also vitally important that the President 
and Vice President should speak more often and more forcefully to the American people on the 
importance of this array of activities—that is, on the ways in which the global energy future and 
international cooperation to shape it are linked to the economic, environmental, and security interests of 
the United States and to the fulfillment of fundamental American values.  
 

                                                 
7 It should be noted that the national labs are not allowed to compete in public competitive solicitations.  

Appropriate mechanisms must then be found to ensure their unique strengths and roles, noted here, are effectively 
employed in these international cooperative energy RD3 efforts.  
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Statement of US Strategic
ICERD3

What Would They Do on ICERD 3

•Develop U.S. strategic vision and goals
•Develop overall portfolio
•Identify agency budgets and cross-cuts
•Develop central data base for programs
•Support external peer review of programs
•Coordinate all U.S. activity: RD3, trade,
 financing, international negotiations, etc.

•Ensure handoff to private sector

NSTC InterAgency Working
Group on ICERD 3

Capacity Building
•Support regional centers
•Training
•Interdisciplinary research

R&D Activities
•Buildings
•Industry
•Transport
•Fossil
•Nuclear
•Renewables

Financing
•World Bank
  --Trust funds
•GEF
•OPIC-based Fund
•Tax credits
•Feasibility studies

Energy Sector Reform with Public Benefits
•Public Benefits Fund
•Get “prices right” including externalities
•Demonstration Support Facility
•Clean Energy Technology Obligation
•Portfolio Diversity
•Integrated Resource Planning
•Demand Side Management
•Rural Energy Concessions
•Debt for Public Benefit Fund Swap

Possible Members
•OMB
•Treasury
•USTR
•State
•DOE
•USAID
•EPA
•DOC
•Trade Agencies
•Other Agencies
•Private sector
   advisory group

 
 

Figure 6.1:  A Strategic Framework for International Cooperation on Energy RD3. 
 
 
THE WINDOW OF OPPORTUNITY 
 
 The United States and the world stand before a narrow window of opportunity for using 
cooperation on energy-technology innovation to reshape the global energy future to the benefit of all.  
That the window is open now but will not remain so for long is the result of a convergence of time-
dependent factors.  Specifically: 
 
• Processes of energy-sector restructuring and regulatory reform that will be completed largely over the 

next decade are going to “lock in” the mechanisms that will determine success or failure in the dual 
aims of attracting the private capital needed to meet energy needs for economic development while 
addressing the huge public-goods and externality issues that the energy sector presents.   

 
• Continuing processes of rapid urbanization in the developing countries mean that decisions made in 

those countries in the next few decades about the interaction of urban energy supply, transportation 
networks, information infrastructure, land-use planning, and building characteristics will likewise 
substantially “lock in”, for the next century and even beyond, important aspects of the energy 
requirements and quality of life of the large majority of the world’s inhabitants living in these urban 
agglomerations. 

 
• The time requirements for moving new technologies through the innovation pipeline mean that much 

of the research intended to affect deployments in the 2020s, 2030s, and 2040s needs to be underway 
in the next decade.  And the long service lifetimes of most energy-supply technologies and much of 
the equipment and infrastructure governing energy end-use efficiency means that much of what is 
deployed in the 2020s, 2030s, and 2040s will still be in place toward the end of the next century. 
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Thus the energy technologies and related infrastructures that are developed and deployed over the 
next few decades—supporting rapid energy growth in developing and reforming economies and replacing 
existing capital stock in industrialized ones—will strongly influence the trajectories of energy costs and 
end-use efficiencies, greenhouse-gas emissions, public-health impacts of air pollution, oil-import 
dependence, nuclear-energy-system safety and proliferation resistance…and much else of importance 
about the world energy system…for most of the next century.  
 
 In recent years, moreover, the globalization of innovation capacities, together with tightening 
constraints on domestic R&D spending, have sharply increased the attractiveness of cooperation to the 
United States for purposes of developing the energy technologies this country will require for domestic 
use.  Simultaneously, the globalization of energy markets has increased the necessity of cooperation to 
gain access for U.S. energy companies to many of the largest markets for new technologies; and the 
globalization of environmental and security risks from inadequacies in the global portfolio of deployed 
energy options is sharply increasing the benefits to the United States of cooperation to improve that 
portfolio. 
  

It is also becoming clear that strengthening North-South cooperation on advanced energy 
technologies that can lower greenhouse-gas emissions while fueling sustainable economic development is 
by far the most promising available approach to securing developing-country participation in a larger 
collaborative framework for addressing the global energy-climate-development challenge. 
 
 The needs and opportunities for enhanced international cooperation on energy-technology 
innovation supportive of U.S. interests and values are thus both large and urgent.  The costs and risks are 
modest in relation to the potential gains.  The mechanisms that have been described in these pages offer a 
fundamental new direction for addressing these global energy-linked challenges through mechanisms 
designed to provide all the benefits of competition while protecting and nurturing the public good.  Now 
is the time for the United States to take the sensible and affordable steps outlined here to address the 
international dimensions of the energy challenges the 21st century will present. 
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APPENDIX B 
UNITS AND CONVERSION FACTORS 

 
 

Length 
 

1 centimeter (cm) 
= 0.3937 inches 
 
1 meter (m) 
= 3.281 feet 
 
1 kilometer (km) 
= 0.6214 miles 
 

1 inch (in) 
= 2.540 centimeters 
 
1 foot (ft) = 12 inches 
= 0.3048 meters 
 
1 mile = 5280 feet 
= 1.609 kilometers 

Area 
 
1 square centimeter (cm2) 
= 0.1550 square inches  
 
1 square meter (m2) 
= 10.76 square feet 
 
1 hectare (ha) = 10,000 square meters 
= 2.471 acres 
 
1 square kilometer (km2)= 100 hectares 
= 0.3861 square miles 
 

1 square inch (in2) 
= 6.452 square centimeters 
 
1 square foot (ft2) 
= 0.09290 square meters 
 
1 acre = 43,560 square feet 
= 0.4047 hectares 
 
1 square mile = 640 acres 
= 2.590 square kilometers  

Volume 
 
1 cubic centimeter (cm3) = 1 milliliter (ml) 
= 0.06102 cubic inches 
 
1 liter (l) = 1,000 cubic centimeters 
= 0.2642 gallons (liquid, U.S.) 
 
1 cubic meter (m3)= 1,000 liters 
= 35.31 cubic feet 

1 cubic inch (in3) 
= 16.39 cubic centimeters 
 
1 gallon (liquid, U.S.) =231.0 cubic inches 
= 3.785 liters 
 
1 cubic foot (ft3) = 7.481 gallons (liquid, U.S.) 
= 0.02832 cubic meters 
 
1 barrel (bbl) (oil, US) = 42 gallons (liquid, US) 
= 159.0 liters 
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Weight 

 
1 gram (g) 
= 0.03527 ounces 
 
1 kilogram (kg) 
= 2.205 pounds  
 
1 metric tonne (t) = 1,000 kilograms 
= 1.1023 short tons (U.S.) 

1 ounce (oz) 
= 28.35 grams 
 
1 pound (lb) = 16 ounces  
= 0.4536 kilograms 
 
1 short ton (U.S.) = 2,000 pounds  
= 0.9072 metric tonnes 

 
Energy 

 
1 joule (J)  
= 0.2388 calories (International Table) 
 
1000  joules (J) 
= 0.9479 Btu 
 

1 kilowatthour (kWh) = 3.600 x 10
6
 joules  

= 3,412 British thermal units 

 
1 calorie (International Table) 
= 4.187 joules 
 
1 British thermal unit (Btu) = 252.0 calories 
= 1055 joules 
 

1 quad = 1 x 10
15

 British thermal units 

= 2.931 x 10
11

 kilowatthours 
 

Power 
 
1 watt (W) = 1 joule per second  
= 3.412 British thermal units per hour 
 
1 kilowatt (kW)  
= 0.9478 British thermal units per second 
= 1.341 horsepower (imperial) 
 

1 British thermal unit per hour (Btu/h)  
= 0.2931 watts 
 
1 British thermal unit per second (Btu/s) 
= 1.055 kilowatts 
 
1 horsepower (hp) (imperial) = 0.7068 British 
 thermal units per second 
= 0.7457 kilowatts 

 
Temperature 

 

From Centigrade(oC) to Fahrenheit(oF): 

 (oC x 9/5) + 32 = oF 
 

From Fahrenheit(oF) to Centigrade(oC): 

(oF - 32) x 5/9 = oC 
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Prefixes in the International System of Units 

 
Multiplier Symbol Prefix 
1018 E exa 
1015 P peta 
1012 T tera 
109 G giga 
106 M mega 
103 k kilo 
102 h hecto 
101 da deca 
10-1 d deci 
10-2 c centi 
10-3 m milli 
10-6 µ micro 
10-9 n nano 

 
 

Approximate  Carbon and Thermal Conversion Factors 
 

Fuel Density 
(kg/liter) 

Carbon a 
(kg C/GJ) 

Energy 

Coal (bituminous)  24.4 20.5 MMBtu/ton 
23.8MJ/kg 

Oil (crude) 0.744 18.9   5.8 MMBtu/Bbl 
Natural Gas 1000 cubic feet = 

19.18 kg 
13.6 1025 Btu/cf 

Ethanol 0.792 17.8 26.8 MJ/kg 
Wood  0.7-0.8 NA 18-20 MJ/kg 

   a 1 kilogram of carbon is equivalent to 3.667 kgs. of carbon dioxide measured at full molecular weight 
 
 



 

C
-1

APPENDIX C:  PCAST 1997 Recommended DOE Applied Energy-Technology R&D Initiatives and Budget Authority (in millions of as-spent dollars) 
 
PROGRAMa R&D Activities, Initiatives, and Budget Changes FY 

1997 
FY 
1998 

FY 
1999 

FY 
2000 

FY 
2001 

FY 
2002 

FY 
2003 

Efficiency: 
 Buildings 

Building System Design and Operation: advanced sensors; smart controls; automated diagnostics; 
and whole-building optimization and design tools.  

Building Equipment and Materials: advanced materials; advanced energy-efficient HVAC, 
lighting, windows, appliances, office equipment, etc.; and insulation initiative. 

Codes and Standards: for efficient appliances and buildings; technical assistance. 
Crosscutting Activities: technology roadmapping and partnership development with industry 

following the model of  the DOE Industries of the Future program. 
Other: management and planning, and other activities. 
Subtotal 

24 
 
27 
 
12 
-- 
 
19 
81 

33 
 
37 
 
21 
-- 
 
20 
111 

38 
 
57 
 
25 
20 
 
20 
160 

48 
 
72 
 
25 
25 
 
20 
190 

60 
 
85 
 
25 
30 
 
20 
220 

72 
 
98 
 
25 
35 
 
20 
250 

84 
 
111 
 
25 
35 
 
20 
275 

Efficiency: 
Industry 

Industries of the Future: advanced technologies for energy intensive industries—aluminum, 
cement, chemicals, forest products, glass, metal casting, refining, steel, agriculture—and for 
emerging energy-intensive industries following technology roadmaps. 

Crosscutting Activities: advanced microturbines (40-200 kW), sensors, motor drive systems, and 
materials; work with DOE/OUT on biomass Integrated Gasification Combined Cycle. 

Technology Access: innovation grants; industrial assessments, “Climate Wise”, and motors. 
Other: management and planning, and other activities 
Subtotal 

46 
 
 
38 
 
25 
7 
116 

56 
 
 
38 
 
37 
8 
139 

65 
 
 
70 
 
40 
10 
185 

75 
 
 
80 
 
40 
10 
205 

85 
 
 
90 
 
45 
10 
230 

95 
 
 
95 
 
45 
10 
245 

110 
 
 
100 
 
50 
10 
270 

Efficiency:  
Transport 

PNGV: better emissions controls for light diesels; hybrid vehicles; and system integration.  
PNGV II: fuel cells, microturbines, advanced energy storage, system integration. 
Advanced Heavy Vehicles: efficient diesels, diesel pollution reduction, and hybrids. 
Advanced Materials: high-temperature/high-strength materials to reduce weight 25%. 
Technology Deployment: clean cities program, alternative fuel vehicles, and other activities. 
Other: management and planning, and other activities 
Subtotal 

105 
-- 
20 
33 
11 
7 
176 

129 
-- 
18 
31 
17 
9 
204 

100 
75 
30 
35 
20 
10 
270 

100 
85 
40 
40 
20 
10 
295 

100 
100 
50 
40 
20 
10 
320 

100 
100 
55 
40 
20 
10 
325 

75 
125 
60 
45 
20 
10 
335 

Fossil Energy Coal Power: end Low Emission Boiler System, phase out near-term clean coal activities, 
accelerate R&D on advanced power systems.   

Coal Fuels: end direct liquefaction and solid fuels and feedstocks R&D; develop science-based 
hazardous air emissions program. 

Gas Power: strengthen solid-oxide fuel-cell R&D and other advanced research. 
Oil and Gas Production and Processing: maintain oil programs for marginal resources; strengthen 

gas production and processing R&D; and increase advanced research. 
Carbon Sequestration: strengthen science-based carbon sequestration program. 
Methane Hydrates: develop science-based program with industry, Federal agencies, and the Navy 

to understand the potential of methane hydrates worldwide 
Hydrogen Manufacture/Infrastructure: conduct R&D on hydrogen production from fossil fuels 
Technology/Oil Price Elasticities: analyze technologies to reduce cost of oil shocks. 
Developing-Country Technologies: conduct collaborative R&D with other countries. 
Other: management and planning; environmental restoration; cooperative R&D, etc. 
Subtotal 

86 
 
16 
 
97 
70 
 
1 
0 
 
0 
0 
0 
95 
365 

84 
 
16 
 
78 
77 
 
2 
0 
 
0 
0 
0 
89 
346 

79 
 
9 
 
92 
86 
 
10 
5 
 
1 
1 
1 
95 
379 

90 
 
12 
 
92 
94 
 
11 
5 
 
2 
1 
2 
97 
406 

87 
 
15 
 
83 
107 
 
17 
11 
 
6 
1 
6 
100 
433 

88 
 
16 
 
74 
110 
 
23 
11 
 
6 
1 
6 
102 
437 

82 
 
16 
 
70 
113 
 
22 
12 
 
7 
0 
6 
105 
433 
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Nuclear Fission Operating Reactors: R&D to address problems that may prevent continued operation of  existing 
reactors. 

Nuclear Energy Research Initiative: competitively select among proposals by researchers from 
universities, national laboratories, and industry that address issues including proliferation-
resistant reactors or fuel cycles, new reactor designs with higher efficiency, lower cost, and 
improved safety; low-power reactors; and new techniques for on-site and surface storage and for 
permanent disposal of nuclear waste 

Education: university research reactors and other support 
Other: advanced light water reactor and reactor concepts 
Subtotal 

4 
 
0 
 
 
 
 
4 
34 
42 

25 
 
0 
 
 
 
 
6 
15 
46 

10 
 
50 
 
 
 
 
6 
0 
66 

10 
 
70 
 
 
 
 
6 
0 
86 

10 
 
85 
 
 
 
 
6 
0 
101 

10 
 
100 
 
 
 
 
6 
0 
116 

10 
 
103 
 
 
 
 
6 
0 
119 

Nuclear Fusion Plasma Science: conduct research on fundamental plasma science; develop fusion science and 
technology and plasma confinement innovations; and pursue fusion energy science and 
technology as a partner in international efforts. 

Subtotal 

 
 
 
232 

 
 
 
225 

 
 
 
250 

 
 
 
270 

 
 
 
290 

 
 
 
320 

 
 
 
328 

Renewable Energy Biomass Fuels: strengthen feedstock development; advance enzymatic hydrolysis and other 
conversion technologies in integrated power and fuel systems. 

Biomass Power: develop biomass materials handling equipment; integrated gasification combined 
cycles; biogasification-fuel cell systems; and small gasification-engine systems. 

Geothermal: strengthen hydrothermal research; reactivate R&D on advanced resources; expand 
advanced drilling R&D; and increase R&D on reservoir testing and modeling. 

Hydrogen: reorient near-term demonstrations and launch initiative with DOE Fossil Energy on 
innovative hydrogen production from fossil fuels with sequestration. 

Hydropower: develop “fish-friendly” turbines and low-head run-of-river turbines; analyze 
coupling of hydropower to intermittent renewables. 

Photovoltaics: accelerate basic PV science; develop laboratory scaleup to first-time 
manufacturing; and support engineering science for large-volume, low-cost production. 

Solar-Thermal: strengthen power tower and dish-stirling, esp. optical materials and solar 
manufacturing initiative; launch initiative on  advanced high-temperature receivers.  

Wind: accelerate R&D on lightweight adaptive systems, direct-drive variable speed generators, 
hybrid systems, system integration—including with storage; wind technology manufacturing 
initiative; fundamental work on materials, and computational aerodynamics. 

Systems and Storage: energy storage, esp.. for system integration with intermittents. 
Solar Buildings: R&D in efficient and passive whole building design and design tools; building 

integrated PVs and thermal systems; and initiative on low cost solar water heaters and others. 
International: applications-specific systems integration and development, and field studies; 

collaborative R&D and training; technical assistance; technical/policy analysis. 
Resource Assessment: integrated assessments across all resources; further development of 

geographic information systems; and collaborative R&D with developing nations. 
Analysis: systematic analyses of technologies, system integration, markets, and policies. 
Other: management and planning; renewable energy production incentive, other. 
Subtotal 

28 
 
28 
 
30 
 
15 
 
1 
 
60 
 
22 
 
29 
 
 
32 
3 
 
1 
 
0 
 
0 
21 
270 

38 
 
38 
 
30 
 
15 
 
1 
 
77 
 
20 
 
43 
 
 
46 
4 
 
7 
 
0 
 
0 
26 
345 

58 
 
63 
 
42 
 
16 
 
4 
 
105 
 
32 
 
53 
 
 
51 
6 
 
11 
 
5 
 
4 
25 
475 

76 
 
86 
 
49 
 
16 
 
8 
 
130 
 
43 
 
65 
 
 
54 
9 
 
13 
 
5 
 
5 
26 
585 

94 
 
89 
 
50 
 
17 
 
11 
 
133 
 
44 
 
66 
 
 
55 
9 
 
13 
 
6 
 
6 
27 
620 

97 
 
91 
 
51 
 
17 
 
11 
 
137 
 
46 
 
68 
 
 
57 
9 
 
14 
 
6 
 
6 
26 
636 

99 
 
93 
 
52 
 
17 
 
12 
 
140 
 
47 
 
70 
 
 
58 
9 
 
14 
 
6 
 
6 
29 
652 

SUBTOTAL  1282 1416 1785 2037 2214 2329 2412 
aActivities should be done through various partnerships between industry, national laboratories, universities, and Federal/state agencies, as appropriate. 
President’s Committee of Advisors on Science and Technology, “Federal Energy Research and Development for the Challenges of the Twenty-First Century”, November 1997. 
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APPENDIX D 
ACRONYMS 

 
 
ADB:  Asian Development Bank 
AFDB: African Development Bank Group 
APEC:  Asia-Pacific Economic Cooperation 
BAU:  Business-As-Usual 
CAES:  Compressed-Air Energy Storage 
CDM: Clean Development Mechanism 
CENEf:  Russian Center for Energy Efficiency 
CET:  Clean Energy Technology 
CETO:  Clean Energy Technology Obligation 
CHP:  Combined Heat and Power 
CNG:  Compressed Natural Gas 
CO2:  Carbon Dioxide 
CoC:  Council on Competitiveness 
COEECT:  Committee on Energy Efficiency 

Commerce and Trade 
COP:  Conference of the Parties 
CTI:  Climate Technology Initiative 
DCs:  Developing Countries 
DOC:  Department of Commerce 
DOE:  Department of Energy 
DSF:  Demonstration Support Facilities 
DSM: Demand-Side Management 
EBRD:  European Bank for Reconstruction and 

Development  
ECCJ:  Energy Conservation Center, Japan  
EE/FSU:  Eastern Europe/Former Soviet Union 
EE:  Energy Efficiency 
EFL:  Energy Feed Law 
EIA:  Energy Information Administration 
EJ:  Exajoules  
EnEffect:  Bulgarian Center for Energy Efficiency  
EOP:  Executive Office of the President 
EOR:  Enhanced Oil Recovery 
EPA:  Environmental Protection Agency 
EPRI: Electric Power Research Institute 
ERD3:  Energy Research, Development, 

Demonstration, and Deployment  
ERI:  Energy Research Institute 
ESCOs:  Energy Service Companies 
EU:  European Union 
Ex-Im Bank: Export-Import Bank of the United 

States 
FBR:  Fast Breeder Reactor 
FEWE:  Polish Foundation for Energy 

Efficiency 
FSU:  Former Soviet Union 
FY:  Fiscal Year 
GAO:  Government Accounting Office 
GATT:  General Agreement on Tariffs and 

Trade 

GDP:  Gross Domestic Product 
GEF:  Global Environment Facility 
GHG:  Greenhouse Gas 
GNP:  Gross National Product  
GPO:  Government Printing Office 
GRI:  Gas Research Institute 
GtC:  Giga-tonnes Carbon 
HIPC:  Heavily Indebted Poor Countries 
HVAC:  Heating, Ventilation and Air 

Conditioning 
IAEA:  International Atomic Energy Agency 
ICERD3:  International Cooperation in Energy 

Research, Development, 
Demonstration, and Deployment 

ICSU:  International Council for Science 
IDB:  Inter-American Development Bank 
IEA:  International Energy Agency 
IERE:  International Electric Research 

Exchange 
IFC:  International Finance Corporation 
IGCC:  Integrated Gasification Combined Cycle 
IIASA:  International Institute for Applied 

Systems Analysis  
IPCC:  Intergovernmental Panel on Climate 

Change 
IRP:  Integrated Resource Planning 
ITER:  International Thermonuclear 

Experimental Reactor 
kWh:  Kilowatt-hours   
LDC: Less Developed Countries 
LPG:  Liquid Petroleum Gas 
LWR:  Light Water Reactor 
MDB:  Multilateral Development Banks 
MTIs:  Market Transformation Initiatives 
NERI:  Nuclear Energy Research Initiative 
NFFO:  Non-Fossil Fuel Obligation 
NGOs:  Non-Governmental Organizations 
NPV:  Net Present Value 
NREL:  National Renewable Energy Laboratory 
NSB:  National Science Board 
NSF: National Science Foundation 
NSTC:  National Science and Technology 

Council 
OECD:  Organization for Economic Cooperation 

and Development 
OPEC:  Organization of Petroleum Exporting 

Companies 
OPIC:  Overseas Private Investment 

Corporation 
OPs:  Operational Programs 
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PBF:  Public Benefits Fund 
PCAST:  The President’s Committee of Advisors 

on Science and Technology 
PM-10: Particular Matter of diameter greater 

than 10 microns. 
PNGV:  Partnership for the Next Generation of 

Vehicles 
PNNL:  Pacific Northwest National Laboratory 
PPP:  Purchasing Power Parity 
PROCEL:  Brazil’s National Electricity 

Conservation Program 
PV:  Photovoltaic  
R&D:  Research and Development  
RD&D:  Research, Development, and 

Demonstration 
RD3: Research, Development, 

Demonstration, and Deployment 
REEF:  Renewable Energy and Energy 

Efficiency Fund 
REFs:   Reforming Economies (EE/FSU) 
RET:  Renewable Energy Technologies 
RPS:  Renewable Portfolio Standard 
SDC: Solar Development Corporation 
SEVEn:  Czech Energy Efficiency Center  
STE:  Solar Thermal Electric 
T&D:  Transmission and Distribution 
TC: Transition Countries, e.g. Eastern 

Europe and Former Soviet Union 
TDA:  Trade and Development Agency 
TERI:  Tata Energy Research Institute 
TSP:  Total Suspended Particulate 
UNDP:  United Nations  Development Program  
UNEP:  United Nations Environment Program  
UNFCCC:  United Nations Framework Convention 

on Climate Change 
USAID:  United States Agency for International 

Development 
USGS:  United States Geological Survey 
USTDA:  United States Trade and Development 

Agency 
WANO:  World Association of Nuclear 

Operators 
WEC:  World Energy Council 
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APPENDIX E 
GLOSSARY 

 
 
 
As-spent dollars: expenditures or outlays made in a given fiscal year, before adjustment for inflation. 
 
Business-as-usual (BAU): the projected future state of energy and economic variables in the event that 
current technological, economic, political, and social trends persist. 
 
Capacity building: Developing skills and capabilities for energy-technology innovation in the relevant 
government, private-sector, academic, and NGO institutions. 
 
Carbon sequestration: the capture and secure storage of carbon that would otherwise be emitted or 
remain in the atmosphere, either by (1) diverting carbon from reaching the atmosphere; or (2) removing 
carbon already in the atmosphere.  Examples of the first type are the trapping of CO2 in power plant flue 
gases, and capturing CO2 during the production of decarbonized fuels.  The common approach to the 
second type is to enhance the ability of soils to absorb CO2 naturally. 
 
Clean Energy Technologies (CET): energy supply and end-use technologies that simultaneously: (a) 
emit substantially lower levels of pollutants and greenhouse gases, and (b) generate substantially smaller 
and less toxic volumes of solid and liquid waste over their lifecycle. 
 
Clean Energy Technology Obligation (CETO): competitive instrument used to bridge the gap between 
the demonstration phase and widespread deployment of an energy technology.  CETO would use auctions 
(or other instrument) to buy-down the cost of the energy technology to a level that is competitive with 
market proven technologies. 
 
Concessionary financing: a loan offered at below market rates. 
 
Cost buy-down: the process of paying the difference in unit cost (price) between an innovative energy 
technology and a conventional energy technology in order to increase sales volume, thus stimulating cost 
reductions through manufacturing scaleup and economies of learning throughout the production, 
distribution, deployment, use, and maintenance cycle. 
 
Demonstration Support Facility (DSF): financial mechanism which funds private sector projects 
designed to show the feasibility of clean energy and energy-efficient technologies in cases where these 
technologies are not yet commercially viable. 
 
Debt swap: a situation in which the lender country or institution erases the debt owed by a borrower 
country provided that the latter creates social programs, environmental programs (such as “debt for 
nature” swaps), or other programs and policies. 
 
Energy Research, Development, Demonstration and Deployment (ERD3): the linked process by 
which an energy-supply or energy-end-use technology moves from its conception in theory and in the 
laboratory to its feasibility testing, its small-scale implementation, and finally its large-scale deployment 
with long-term market viability. 
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Energy-sector restructuring and reform: encouraging privatization (transfer of ownership from the 
public- to the private-sector) and market competition in energy supply, while removing subsidies and 
other distortions in energy pricing and preserving public benefits. 
 
Financial mechanism: a mechanism intended to assist the supply of capital available for undertaking an 
energy technology project, frequently for projects having a specialized purpose (such as the climate 
change projects targeted by the GEF). 
 
Global Environment Facility (GEF):  A financial institution that provides grants and concessionary 
financing to developing countries and economies-in-transition for projects and activities that provide 
global benefits in four topical areas: climate change; biological diversity; international waters; and 
stratospheric ozone.  The GEF was established for the purpose of implementing agreements stemming 
from the 1992 U.N. Conference on Environment and Development, including the Framework Convention 
on Climate Change.  The World Bank Group is one of the three implementing agencies for the GEF, 
together with the United Nations Development Program and the United Nations Environment Program. 
 
Greenhouse gases (GHGs): heat-trapping gases in the atmosphere that warm the earth’s surface by 
absorbing outgoing infrared radiation and re-radiating part of it downward.  Water vapor is the most 
important naturally occurring greenhouse gas, but the principal greenhouse gases whose atmospheric 
concentrations are being augmented by emissions from human activities are carbon dioxide, methane, 
nitrous oxide, and halocarbons. 
  
Infrastructure: the physical structures and delivery systems necessary to supply energy to end-users.  In 
the case of power plants, the infrastructure is the high-tension wires needed to carry the electricity to 
consumers; in the case of natural gas, it is the pipeline network; in the case of liquid fuels, it is the fueling 
stations. 
 
InterGovernmental Panel on Climate Change (IPCC): a multilateral scientific organization established 
by the United Nations Environment Programme (UNEP) and the World Meteorological Organization to 
assess the available scientific, technical, and socio-economic information in the field of climate change 
and to assess technical and policy options for reducing climate change and its impacts. 
 
OECD (Organization for Economic Cooperation and Development): A multilateral organization of 29 
industrialized nations, producing among them two-thirds of the world’s goods and services.  The 
objective of the OECD is the development of social and economic policies and the coordination of 
domestic and international activities. 
 
Public Benefits Fund (PBF): a financial mechanism created to serve the greater public interest by 
funding programs for environment and public health, services to the poor and disenfranchised, energy 
technology innovation through the ERD3 pipeline, or other public good that is not accounted for by a 
restructured energy sector. 
 
Tied aid: a method of trade distortion in which one government offers attractive financing (grants, soft 
loans, etc.) to a second government provided that the aid is used to purchase goods from companies in the 
originating country.  Tied aid can have a leveraging effect such that the recipient country will continue to 
purchase goods from manufacturers in the originating country even after the financial aid package is 
exhausted.   Since 1992 within the OECD, the use of tied-aid for capital goods is subject to formal 
challenge when the project in question is commercially viable. 
 



Appendix E: Glossary 

E-3 

World Bank Group: A multilateral United-Nations-affiliated lending institution, which annually makes 
available roughly $20 billion in loans to developing countries, mainly but not exclusively for large scale 
infrastructure projects.  The World Bank Group comprises five agencies: the International Bank for 
Reconstruction and Development, the International Development Association, the International Finance 
Corporation (IFC), the Multilateral Investment Guarantee Agency (MIGA), and the International Centre 
for Settlement of Investment Disputes (ICSID).  The World Bank Group raises capital from both public 
sources and financial markets. 
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Index-1 

A 
Acid Rain, ES-2, ES-3, 1-10, 1-21, 2-16, 5-2 
Africa, ES-6, 1-6, 1-8, 2-17, 2-18, 2-24, 3-14, 

3-15, 3-20, 3-25, 4-6, 4-14, 4-15, 4-25, 5-17 
African Development Bank, 2-24, 3-37 
Agency for International Development, ES-5, 

ES-7 to ES-9, 2-2, 2-5, 2-8 to 2-14, 2-16, 2-
19 to 2-21, 2-26, 3-8, 3-11 to 3-13, 3-21, 3-
23, 3-26, 3-29, 3-35 to 3-39, 4-10 to 4-12, 
4-15, 4-20 to 4-23, 4-29 to 4-31, 5-12, 5-13, 
5-22, 6-3, 6-8 to 6-11, 6-14 

Agriculture and/or Forestry, 1-13, 1-23, 3-3, 
5-2, 5-5, 5-6 

Air Pollution, ES-2, ES-13, 1-4, 1-14, 1-25, 2-
4, 2-23, 2-25, 3-5, 3-13, 3-17, 4-13, 4-16 to 
4-22, 4-25, 4-31, 5-9, 5-16, 5-18, 5-19, 5-
22, 5-23, 6-4, 6-18 
Haze, ES-3, 1-21 
Transboundary, 1-21 
Urban, 4-16, 4-31, 

Air Quality, 2-27, 4-18, 4-19, 4-21, 4-23, 4-32 
Indoor, 4-14 
Urban, 2-19, 4-21, 4-23 

Anti-trust Policy, 1-2, 1-27, 1-29 
Appliances, See End-use Technologies 
Argentina, 1-15, 2-12, 3-11, 3-23, 5-13, 5-15 
Argonne National Laboratory, 5-29 
Asia, ES-6, 1-8, 1-10, 1-23, 2-14, 2-17, 2-18, 

2-24, 2-25, 3-15, 3-19, 3-20, 3-36, 4-15 to 
4-17, 4-22, 5-2, 5-24 
Asia Alternative Energy Program, 2-25, 3-
36 
Asia Pacific Economic Cooperation, 3-41 
Asia Sustainable Energy Initiative, 2-14 

Asian Development Bank, 2-20, 2-24 
Australia, 2-7, 2-17, 4-29 
Automobile, See Vehicles: Automobile 
 

B 
Bangladesh, 3-8, 4-15 
Basic Energy Sciences, 1-4, 1-26, 2-9 
Battelle, 1-31, 4-5 
Battery, 4-17, 4-22, 5-7 
Beijing Energy Efficiency Center, 1-15, 3-13, 

4-25 
Bicycles, 4-17, 4-19, 4-22 
Biomass, ES-10, ES-15, 1-5 to 1-7, 1-10, 1-

11, 1-14, 1-24, 2-12, 2-20, 2-21, 3-28,  4-13 
to 4-15, 4-31, 5-2 to 5-5, 5-9 to 5-13, 5-18, 
5-29, 5-30, 6-5 
Biomass Integrated Gasification/Combined 

Cycle, See Integrated 
Gasification/Combined Cycle 

Boilers, 4-23 to 4-26, 3-24 
Brayton Cycle, 4-26, 4-27, 5-14 

Brazil, ES-6, 1-5, 1-6, 1-15, 2-9, 2-18, 2-19, 
3-11, 3-12, 3-15, 3-17, 3-22, 3-23, 3-26, 3-
28, 4-4, 4-6, 4-8, 4-10, 4-13, 4-16, 4-18, 4-
19, 4-24, 5-5 
Curitiba, 4-19, 4-23 
PROCEL, ES-6, 2-19, 3-12, 3-15 

Buildings, ES-1, ES-8, ES-14, 3-13, 3-19, 4-2, 
4-5 to 4-13, 4-18, 4-23, 4-26 to 4-30, 4-32, 
5-3, 5-4, 6-3 to 6-5, 6-16 
Design & Energy Codes, ES-8, 4-10 to 4-13 

Bulgaria, 2-13, 3-13 
Bulgarian Center for Energy Efficiency, 3-13 
Buses, See Vehicles: Buses 
Business As Usual, ES-9, 1-9 to 1-14, 1-18, 1-

20, 4-29 
Buy-down, See Demonstration & Cost Buy-

down 
 

C 
Canada, 1-18, 2-12, 2-17 
Capacity Building, ES-1, ES-4, ES-6, ES-9, 

ES-14, 2-2, 2-22, 2-26, 3-11 to 3-17, 3-22, 
3-33, 3-42, 4-11, 4-15, 4-28, 6-2, 6-6, 6-8, 
6-11, 6-12, 6-16 

Capital Investment, 1-13, 3-2, 3-24, 3-33, 3-
37, 4-4, 4-19, 5-1 

Carbon Dioxide, ES-3, ES-10, ES-11, 1-7, 1-
9, 1-11, 1-15, 1-17, 1-18, 1-21, 1-32, 2-12, 
2-17, 4-26, 5-16 to 5-24 
Intensity, 1-8 to 1-11, 1-30 to 1-32, 5-24 

Caribbean, 1-21, 2-8, 2-24, 3-3 
Central & South America, ES-6, 1-8, 2-7, 2-8, 

2-12, 2-14, 2-17, 2-18, 2-24, 3-3, 3-15, 3-19 
to 3-21, 4-18 

Central Asian Republics, 3-19, 5-17 
Charcoal, 1-5, 4-7, 4-13, 4-14 
Chemicals, See Industry: Chemicals 
Chernobyl, 1-21 
Chile, 2-9, 4-18 
China, 1-5 to 1-7, 1-15, 1-21, 1-30, 1-31, 2-2, 

2-4, 2-7, 2-9, 2-12, 2-13, 2-16, 2-18 to 2-20, 
2-24, 3-11, 3-13, 3-14, 3-23, 3-25, 3-27, 3-
40, 4-1 to 4-10, 4-14 to 4-26, 4-31, 5-1, 5-5, 
5-7, 5-9, 5-10, 5-17, 5-18, 5-19, 5-20 

Clathrate Hydrates, ES-15, 5-18, 5-23, 5-30 
Clean Coal Technologies, See Coal: Clean 

Coal Technologies 
Clean Development Mechanism, 3-34, 3-37, 

6-3 
Clean Energy Fund, 2-15 
Clean Energy Technology, ES-7, ES-14, 2-16, 

3-14, 3-18, 3-22 to 3-29, 3-31 to 3-39, 5-10, 
6-2, 6-3 
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Clean Energy Technology Obligation, ES-7, 
ES-10, ES-14, 3-18, 3-22, 3-26, 3-29 to 3-
32, 3-38 to 3-40, 5-8, 5-12 to 5-15, 6-2, 6-3 

Climate Change, ES-2, ES-11, 1-10, 1-14, 1-
15 to 1-25, 1-32, 3-28, 3-30, 3-32, 3-37, 5-
3, 5-16, 5-21 to 5-24, 5-27, 6-4, 6-9, 6-11 

Climate Change Initiative, 6-9 
Climate Change Technology Initiative, 2-17 
Coal, ES-3, ES-10, 1-6 to 1-14, 2-4, 2-12, 2-

15, 2-18 to 2-20, 2-24, 3-13, 3-29, 4-2, 4-5, 
4-25, 4-26, 4-31, 5-1, 5-7, 5-9, 5-16 to 5-23, 
5-29, 5-30, 6-4, 6-5 
Clean Coal Technologies, 2-12, 2-16, 2-19, 

3-35, 5-18 to 5-23 
Coal Bed, 5-20, 5-23 
Coal Bed Methane, 2-20, 5-17 to 5-23 

Codes, Labels, Ratings & Standards, ES-8, 
ES-14, 2-13, 2-26, 2-27, 3-12, 3-13, 3-18, 
3-41, 4-5, 4-9 to 4-13 
International Standards, 3-41 
Performance Standards, 1-26 

Cogeneration, see Combined Heat and Power 
Colombia, 4-24 
Combined Cycle Turbine, See Turbines: 

Combined Cycle 
Combined Heat and Power, ES-1, ES-8, ES-9, 

ES-14, 2-12, 2-21, 3-29, 4-26 to 4-31, 5-3, 
5-5, 5-17 to 5-22, 6-16 

Commercial Fuels, 5-1 
Commercialization, ES-4, 1-3, 1-15, 2-2, 2-8, 

2-14, 2-25, 3-1, 3-4, 3-5, 3-9, 3-16, 3-30, 4-
20, 5-14, 5-22, 5-27, 6-8 

Committee on Energy Efficiency Commerce 
and Trade, 2-12, 2-16, 2-26 

Committee on Renewable Energy Commerce 
and Trade, 2-16, 2-26 

Compressed Air Energy Storage, 5-5 to 5-8, 
5-13, 5-14 

Compressed Natural Gas, 4-17, 4-18, 4-20 
Concession, 3-23, 5-8, 5-15 
Congress, 2-12, 3-13, 3-17, 3-30, 3-40, 4-28, 

4-31, 5-24, 5-27, 5-28, 6-9 to 6-13 
Convention on Nuclear Safety, 5-25, 5-29 
Cooperative Research and Development 

Agreements, 3-5 
Cost Buy-down, See Demonstration & Cost Buy-

down 
Cost Sharing, 1-20 
Council on Competitiveness, 2-2, 2-3 
Czech Energy Efficiency Center, 3-13, 4-16 
Czech Republic, 2-9, 2-13, 3-13, 4-8, 4-16 
 

D 
Debt Swaps & Debt Relief, 3-17, 3-22 to 3-25 

Decarbonization, ES-10, 5-18, 5-19, 5-20 to 5-
22 

Defense Policy, 1-2, 1-27 
Degraded Lands, ES-10, 5-12, 5-13, 6-4 
Demand Side Management, 2-13, 3-16, 3-18, 

3-22, 4-4, 4-11, 6-2 
Demonstration & Cost Buy-down, ES-1, ES-

6, ES-7, ES-14, 2-15, 3-1, 3-4 to 3-10, 3-16, 
3-18, 3-20 to 3-23, 3-26 to 3-33, 3-39, 5-3, 
5-10 to 5-15, 6-1 to 6-3, 6-10, 6-16 

Demonstration Support Facility, ES-7, ES-14, 
3-26 to 3-28, 3-39, 3-40, 5-3, 5-12, 6-2, 6-3 

Denmark, 3-40, 4-26 
Department of Commerce, 2-10, 2-15, 2-26, 

3-8, 3-39, 6-8, 6-9 
Department of Defense, 2-9 
Department of Energy, ES-5 to ES-11, 1-3, 1-

4, 1-18, 1-26, 1-31, 2-9 to 2-14, 2-18, 2-19, 
2-26, 3-5, 3-8, 3-12, 3-13, 3-26 to 3-29, 3-
35 to 3-39, 4-9 to 4-15, 4-20, 4-21, 4-25, 4-
28 to 4-31, 5-5, 5-6, 5-12 to 5-15, 5-18, 5-
21 to 5-23, 5-27 to 5-29, 6-8 to 6-12, 6-14 

Deployment, Executive Summary (all), 1-2 to 
1-4, 1-13 to 1-20, 1-25, 1-26, 2-1, 2-2, 2-5, 
2-7, 2-16, 2-20 to 2-27, 3-1 to 3-16, 3-23, 3-
27 to 3-29, 3-34 to 3-40, 4-2, 4-3, 4-15, 4-
20, 4-30, 5-3, 5-4, 5-10 to 5-16, 5-21, 6-1 to 
6-5, 6-8 to 6-12, 6-16 

Deregulation, ES-4, 1-27, 3-2, 5-11 
Developing Countries, ES-9, ES-10, ES-13, 1-

6, 1-9 to 1-17, 1-20, 1-21, 1-25, 1-26, 1-32, 
2-2 to, 2-3, 2-5, 2-7, 2-8, 2-13 to 2-16, 2-19, 
2-23 to 2-25, 3-1 to 3-8, 3-15, 3-19, 3-20 to 
3-23, 3-26, 3-37, 3-40, 3-41, 4-2 to 4-32, 5-
1, 5-3 to 5-11, 5-17 to 5-19, 5-22, 5-30, 6-4, 
6-10, 6-11, 6-17 

Diesel, See Engines: Diesel 
Diffusion, 1-17, 2-4, 2-7, 2-17, 3-9, 3-37 
Dominican Republic, 2-8 
 

E 
Eastern Europe, ES-6, 1-10, 1-11, 2-9, 2-12, 

2-16 to 2-18, 2-23, 2-24, 3-11, 3-13, 3-15, 
4-8, 4-18, 4-26, 5-29 

Economies in Transition, 1-20, 4-32, 5-30, 6-
18 

Efficiency, See Energy Efficiency or Codes, 
Labels, Ratings & Standards 

Efficient End-use Technologies, ES-5, ES-13, 
1-3, 2-21, 2-23, 2-24, 3-9, 3-22, Chapter 4 
(all), 5-15, 5-30, 6-4, 6-17 
Appliances, ES-8, 4-3 to 4-13, 4-32 
Refrigerators, See Refrigerators 

Electric Power Research Institute, 2-9, 5-5 
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Electricity & Power Generation, ES-10, 1-4 to 
1-7, 1-13, 1-22, 1-23, 1-31, 2-2 to 2-7, 2-10, 
2-12, 2-15, 2-17, 2-19 to 2-24, 2-28, 3-2 to 
3-4, 3-12, 3-16 to 3-19, 3-22 to 3-26, 3-30, 
4-1, 4-3, 4-8 to 4-10, 4-13, 4-22 to 4-27, 4-
30, 5-1, 5-3 to 5-24, 5-27, 5-30 

Energy and Environment Training Program, 
2-14, 3-11 

Energy Conservation Center, Japan, 2-17 
Energy Demand, ES-2, 1-9, 2-1, 3-19, 3-31, 4-

1, 4-2, 4-5, 4-6, 4-16, 4-24, 5-2, 6-4, 6-5 
Energy Efficiency, ES-6, ES-8, 1-20, 2-2, 2-8, 

2-11 to 2-18, 2-20, 2-22, 2-25, 2-26, 3-2, 3-
11 to 3-15, 3-18, 3-25 to 3-29, 3-33, 3-36 to 
3-41, Chapter 4 (all) 

Energy Efficiency Centers, ES-6, 2-13, 3-13, 
3-15 

Energy Information Administration, 1-5, 1-18, 
2-4, 2-19, 2-20, 4-6, 4-27, 4-32, 5-1, 5-2, 5-
16, 5-19, 5-24, 5-30 

Energy Intensity, ES-3, ES-9, 1-5 to 1-13, 1-
18, 1-30 to 1-32, 2-4, 4-5, 4-6, 4-28, 4-29 

Energy Partnership Program, 2-14, 3-11, 3-22 
Energy Policy Act of 1992, 2-16 
Energy Prices, 1-10, 1-25, 1-31, 2-2, 2-3, 3-3, 

3-17, 3-22, 3-29, 4-3, 6-9 
Energy Sector Management Assistance 

Program, 2-25, 3-20 
Energy Sector Reform, ES-1, ES-6, ES-7, 

Chapter 3 (all), 4-2, 4-6, 4-11, 4-31, 5-22 
Energy Sector Reform Initiative, 3-20, ES-14 
Energy Service Companies, 2-14, 4-9 
Energy Star, ES-8, 4-9, 4-12 
Energy Supply Technologies, ES-5, ES-10, 

ES-13, 1-1, 1-4, 1-14, 1-20, 3-2, 3-36, 
Chapter 5 (all), 6-1, 6-4, 6-5, 6-17 

Engines 
Diesel, 4-21, 5-17 
Four-stroke, 4-16, 4-17 
Two-stroke, 4-16, 4-17, 4-21, 4-32 

Enhanced Oil Recovery, 5-20, 5-23 
Environmental Costs, See Externalities & Market 

Distortions: Environmental Costs 
Environmental Enterprise Assistance Fund, 3-

11 
Environmental Exports Program, 2-15 
Environmental Policy & Regulation, 1-2, 1-

27, 2-27, 3-23, 5-4, 5-22 
Environmental Protection Agency, ES-5 to 

ES-9, 2-13, 2-19, 2-27, 3-5, 3-8, 3-12, 3-13, 
3-23, 3-27, 3-35 to 3-39, 4-9 to 4-12, 4-15, 
4-20, 4-25, 4-30, 5-23, 6-8 to 6-10, 6-14 

Environmental Protection Agency of Taiwan, 
4-17 

Ethanol, 2-19, 5-5 

Europe, 1-19, 2-7, 2-12, 2-16, 2-18, 2-24, 3-
31, 4-12, 4-18, 5-11, 5-14, 5-16, 5-17 

European Bank for Reconstruction and 
Development, 2-24, 3-37 

European Development Fund, 2-17 
European Investment Bank, 2-17 
European Union, 2-9, 2-16 to 2-18, 4-29 
Evergreen Funds, 3-37 
Export Council for Energy Efficiency, 2-9 
Export-Import Bank, ES-5, 2-10, 2-15, 2-20, 

2-27, 3-8, 3-39, 3-40, 4-31, 6-8, 6-9 
Externalities & Market Distortions, ES-6, ES-

14, 1-25, 1-26, 3-2, 3-5, 3-8, 3-9, 3-16, 3-17 
to 3-23, 3-35, 4-2 to 4-4, 4-28, 5-10, 6-2 
Environmental Costs, ES-7, 1-25, 1-27, 3-

20, 3-22 
Price Controls, ES-7, 1-27, 3-20, 3-22 
Price Guarantees, 1-26 
Subsidies, ES-7, 1-27, 2-21, 2-22, 3-3, 3-10, 

3-13, 3-16, 3-18, 3-20, 3-22, 3-23, 3-29, 
3-30, 4-2 to 4-4, 4-14, 5-15, 5-26 

Unpriced Benefits, 4-3 
 

F 
Financing, ES-14, 2-5, 2-26, 2-27, 3-28, 3-34, 

3-37, 6-16 
Finland, 2-17 
First-cost, 4-3, 4-9 
Fission, ES-1, ES-5, ES-10, ES-11, 1-3, 2-10, 

2-12, 2-18, 5-24 to 5-28 
Foreign Policy, ES-4, 1-2, 1-27, 1-30 
Forestry, See Agriculture and Forestry 
Former Soviet Union, 1-11, 2-12, 2-16 to 2-

18, 3-13, 4-26, 5-17, 5-19, 5-29 
Fossil Fuels, ES-10, 1-3 to 1-18, 1-27, 2-3, 2-

15, 2-17, 2-19, 2-23, 2-24, 3-10, 3-19, 5-1, 
5-2, 5-5, 5-8, 5-11, 5-16 to 5-22, 6-5, 6-10 

Framework Convention on Climate Change, 
1-15 to 1-18, 1-21, 2-22, 3-13, 3-32 

Fuel Cells, 2-7, 2-12, 3-2, 4-17, 4-21, 4-30, 5-
17, 5-18, 5-20 

Fuel Economy, 4-2, 4-16 to 4-18, 4-21, 4-32 
Fusion, ES-1, ES-5, ES-10, ES-11, ES-15, 1-

3, 1-4, 2-9 to 2-12, 2-18, 2-23, 5-27 to 5-30 
 

G 
Gas Research Institute, 2-7 
Gasification, 4-14, 5-5, 5-12, 5-18 to 5-22 

Oxygen-blown, 5-18, 5-19 to 5-22 
Gasoline, 1-5, 2-2, 2-3, 4-16, 4-32 
General Agreement on Tariffs and Trade, 1-

28, 3-41 
Germany, 1-15, 2-3, 2-9, 2-12, 2-16, 2-17, 2-

18, 4-4, 4-25, 4-29, 5-11, 5-28 
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Global Environment Facility, ES-7, ES-8, ES-
14, 2-20 to 2-25, 3-8, 3-12, 3-13, 3-16, 3-22 
to 3-35, 3-40, 4-12, 4-15, 4-20 to 4-23, 4-
29, 5-3, 5-10, 5-12 to 5-14, 6-2, 6-3 

Global Environment Program, 2-18 
Grameen Bank, 3-8, 4-15 
Green Lights, 2-13 
Greenhouse Gas, See also Carbon Dioxide, 1-

14 to 1-18, 1-21, 2-22, 3-28, 3-32, 5-3, 6-4 
GTZ, 4-15 
Guatemala, 2-12 
 

H 
Heavily Indebted Poor Countries, 3-24, 3-25 
Hong Kong, 4-19 
Human and Institutional Capacity Building, 

see Capacity Building 
Hydrocarbon Emissions, 4-16 
Hydroelectric, 1-5, 1-6, 1-11, 2-19, 2-24, 4-

17, 4-22, 4-31, 5-7, 5-13 to 5-16, 5-29, 6-4 
Hydrogen, ES-11, ES-15, 1-4, 1-13, 4-21, 5-4, 

5-17 to 5-24, 5-30 
 

I 
Iceland, 5-22 
Independent Power Producer, 3-34 
India, 1-5 to 1-7, 1-15, 1-30, 2-2, 2-4, 2-7, 2-

9, 2-12 to 2-15, 2-18, 2-20, 2-21, 2-24, 3-
11, 3-25, 3-26, 3-35, 3-40, 4-4, 4-6, 4-13, 4-
17 to 4-25, 4-31, 5-17, 5-19, 5-23 

Indonesia, 2-14, 2-24, 3-25, 4-13, 4-22, 4-24 
Industries of the Future, ES-9, 4-28 
Industry, ES-9, ES-14, 3-30, 4-4, 4-6, 4-23, 4-

24, 4-28, 4-32, 6-12, 6-16 
Chemicals, ES-9, ES-10, 4-23, 4-24, 4-28, 

5-5, 5-12, 5-17, 5-19 
Iron and Steel, ES-9, 4-4, 4-23 to 4-25, 4-28 
Paper, ES-9, 3-8, 4-23 to 4-28, 5-9, 6-6 

Institutional Barriers, See Market & Institutional 
Barriers 

Institutional Capacity Building, see Capacity 
Building 

Insurance, 2-15, 2-27, 2-28, 5-6 
Integrated Gasification/Combined Cycle, 3-

29, 5-9, 5-19 to 5-22 
Biomass, 3-28, 5-19 

Integrated Resource Planning, 3-16, 3-18, 3-
22 to 3-26, 4-4, 4-11, 6-2 

Intellectual Property Rights, ES-4, 1-2, 1-27, 
1-28, 6-6, 6-11 

Interagency Working Group on Strategic 
Energy Cooperation, ES-1, ES-6, ES-11, 
ES-12, 2-16, 6-13, 6-15 

Inter-American Development Bank, 2-8, 2-24, 
3-37 

Interdisciplinary Research, 3-14, 3-15 
Intergovernmental Panel on Climate Change, 

1-11, 1-14 to 1-19, 1-31, 1-32, 4-4, 4-16 
International Atomic Energy Agency, 2-22, 2-

24, 5-25, 5-28, 5-29 
International Cogeneration Alliance, 4-31 
International Council for Science Unions, 2-

23 
International Energy Agency, 1-23, 1-30, 2-3, 

2-18, 2-21 to 2-23, 3-25, 4-6 
International Finance Corporation, ES-8, 2-9, 

2-25, 3-28 to 3-38, 4-13, 4-20, 4-22, 4-29, 
5-3, 5-5, 5-10, 5-13 

International Geosphere-Biosphere Program, 
2-23 

International Institute for Applied Systems 
Analysis, 1-5, 1-9, 1-11, 1-20, 1-30, 1-31, 
2-23, 2-27, 3-33, 5-1 

International Monetary Fund, 2-20, 3-24 
International Nuclear Safety Center, 5-29 
International Thermonuclear Experimental 

Reactor, 2-9, 2-12, 2-18, 5-27, 5-28, 6-12 
International Trade Administration, 2-15 
Iron and Steel, See Industry: Iron and Steel 
Israel, 5-14 
Italy, 2-6, 4-18 
 

J 
Japan, 1-5, 1-6, 1-21, 2-9, 2-12, 2-16 to 2-20, 

3-41, 4-4, 4-12, 4-24, 5-11, 5-14, 5-23, 5-
26, 5-28 

Japan Development Bank, 2-18 
Japanese Environment Agency, 2-18 
 

K 
Kenya, 3-14, 3-35, 4-14, 4-15, 4-19 
Kerosene, 4-3, 4-13 
Kyoto Protocol, 3-34, 6-11 
 

L 
Labels, See Codes, Labels, Ratings & Standards 
Land-use Planning, ES-13, 4-18, 4-19, 4-22, 

4-23, 4-32, 6-17 
Latin America, See Central & South America 
Life-cycle Cost, 3-8, 3-36, 4-3, 4-4, 4-8, 5-15, 

6-4 
Lighting, 2-13, 2-23, 2-25, 3-12, 3-13, 4-1, 4-

6, 4-8, 4-9, 4-11, 4-13, 4-26, 5-4, 5-13, 6-4 
Fluorescent, 3-12, 4-26 
Incandescent, 4-8 

Liquid Fuels, 3-19, 4-14, 5-2, 5-17, 5-21, 6-5 
Liquid Petroleum Gas, 4-13, 5-5, 5-9 
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Loans & Loan Guarantees, 1-26, 2-9, 2-12, 2-
15, 2-20 to 2-28, 3-8, 3-12, 3-18, 3-28, 3-33 
to 3-40, 4-3, 4-4, 4-23, 5-10, 5-11, 6-3 
Loan Guarantees, 1-26, 2-9, 2-20, 2-26 to 2-

28, 3-39, 6-3 
 

M 
Malaysia, 3-25, 4-10 
Market & Institutional Barriers, ES-9, ES-14, 

2-22, 3-8, 3-22, 3-26, 3-31, 3-35, 3-36, 3-
41, 4-2 to 4-4, 4-30, 4-31, 5-15, 5-21, 6-2, 
6-10 

Market Pull, 2-3, 3-11, 4-9 
Market Transformation Initiatives, 3-30 
Megacities, 4-18 
Methane, ES-15, 5-18, 5-20, 5-23, 5-30 
Methane Hydrates, See Clathrate Hydrates 
Mexico, 1-21, 2-12, 2-15, 3-21, 4-9, 4-13, 4-

18, 4-19, 4-24 
Micro-credit, 3-4, 3-8, 3-11, 3-39, 4-4, 4-15, 

6-2, 6-3 
Micro-turbines, See Turbines: Micro-turbines 
Microenterprise, 2-8 
Middle East, 1-6, 1-8, 2-17, 3-19, 5-2, 5-17 
Million Solar Roofs Initiative, 5-11 
Mongolia, 2-17, 3-14, 5-5, 5-7 
Morocco, 3-35 
Motorcycle, See Vehicles: Two- and Three-

wheel 
Multilateral Development Banks, ES-7, ES-8, 

ES-14, 2-12, 2-13, 3-3, 3-35 to 3-40, 4-23, 
4-31, 6-2, 6-6 

 

N 
National Energy Strategy, 2-10, 6-9 
National Laboratories, ES-12, 1-26, 2-10, 3-

36, 4-11, 4-12, 5-3, 5-13, 6-2, 6-10, 6-14, 6-
16 

National Renewable Energy Laboratory, 5-9 
National Research Council, 1-29, 5-28, 6-12 
National Science and Technology Council, 

ES-1, ES-11, ES-15, 6-9, 6-13 to 6-15 
National Science Board, 1-29, 2-2 
National Science Foundation, 2-27 
National Security, 1-2, 1-25, 3-17, 3-22, 3-27, 

3-41, 4-7, 6-4, 6-5, 6-9 
National Security Council, 6-9 
Natural Gas, ES-7, ES-10, 1-6 to 1-8, 1-11, 1-

30, 2-7, 2-12, 2-19, 2-20, 2-24, 3-2, 3-19, 3-
20, 3-23, 3-33, 4-26, 4-30, 5-2, 5-8, 5-11, 5-
14, 5-16 to 5-19, 5-21, 6-5 
Grids, ES-7, 3-20 
Turbines, See Turbines: Natural Gas-fired 

Netherlands, 2-6, 2-17, 4-29 
New Sunshine Project, 5-11 

Nigeria, 2-18 
Non-Fossil Fuel Obligation, 3-29 to 3-31 
Non-Governmental Organizations, ES-6, ES-

11, 2-16, 2-21, 2-23, 3-14, 3-15, 3-37, 4-15, 
4-31, 6-6, 6-8, 6-13 

Non-proliferation, See Nuclear Fuel & 
Materials: Non-proliferation 

North-South, ES-3, ES-13, 1-21, 1-28, 6-18 
Norway, 2-3, 2-12, 2-17, 5-23 
NOx, See Oxides of Nitrogen  
Nuclear Energy Agency, 5-29 
Nuclear Energy Research Initiative, ES-11, 

ES-15, 5-24, 5-27, 5-28, 5-30, 6-3 
Nuclear Fuel & Materials, ES-11, ES-15, 2-

12, 5-25 to 5-30 
Non-proliferation, ES-2, ES-3, ES-11, ES-

13, 1-2, 1-22, 1-23, 1-30, 2-8, 3-27, 5-2, 
5-24 to 5-30, 6-5, 6-18 

Nuclear Power, ES-3, ES-11, ES-15, 1-3, 1-5, 
1-7 to 1-13, 1-22, 1-23, 1-30, 1-31, 2-12, 2-
17, 2-22, 2-24, 5-2, 5-24 to 5-29, 6-10 

Nuclear Regulatory Commission, ES-5 
Nuclear Safety, 1-21, 2-16, 5-24, 5-29 
Nuclear Weapons, ES-2, 1-22, 1-23, 1-30, 5-

24, 5-25, 5-28 
 

O 
Oceans & Sea-level, ES-2, 1-21, 1-23 
Office of Building Technologies, 2-11 
Office of Industrial Technologies, 2-12 
Office of Management and Budget, ES-12, 6-

9, 6-15 
Office of Science and Technology Policy, 6-9 
Office of Technology Assessment, 3-13, 3-22, 

4-1, 4-8, 4-12, 4-13, 4-16, 4-17, 4-24 
Oil & Petroleum, ES-1, ES-2, ES-13, 1-6, 1-

16, 1-18, 1-22, 1-32, 2-4, 2-8, 2-12, 2-15, 2-
19, 5-8, 5-18, 5-19, 5-21, 5-30, 6-5, 6-18 

Oil & Gas Environmental Forums, 2-12 
Organization for Economic Cooperation and 

Development, 1-9 to 1-13, 1-20, 1-21, 2-5, 
2-16 to 2-19, 2-22, 3-3, 3-15, 3-40, 4-8, 4-
12, 4-16, 4-18, 4-24, 4-29, 5-29 

Organization of Petroleum Exporting 
Countries, 1-25 

Overseas Private Investment Corporation, ES-
5, ES-8, ES-14, 2-10, 2-15, 2-20, 3-8, 3-35, 
3-37 to 3-39, 4-3, 6-8 

Oxides of Nitrogen, ES-3, 1-14, 4-21, 4-31, 6-
4 

Oxides of Sulfur ES-3, 1-10, 3-23, 6-4,  
 

P 
Pacific Northwest National Laboratory, 4-5, 

5-29 
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Pakistan, 1-30, 2-24, 4-22 
Paper, See Industry: Paper 
Particulate Matter, ES-3, 1-10, 1-20, 1-21, 4-

15, 4-17, 4-21, 4-22, 4-31, 4-32, 5-2, 5-9, 6-
4 

Partnership for a New Generation of Vehicles, 
4-17, 6-12 

Pay-as-you-drive Insurance, 4-18 
Persian Gulf, 1-16, 5-2, 5-4, 5-16, 5-17, 5-21 
Peru, 2-12 
Petroleum, See Oil & Petroleum 
Philippines, 2-12, 2-14, 2-15, 2-24, 3-25, 4-

10, 4-13, 4-23 
Photovoltaics, 2-6, 2-8, 2-12, 2-20, 3-8, 3-14, 

3-23, 3-33, 3-35, 5-2, 5-4 to 5-6, 5-9, 5-11, 
5-13, 5-15 

Pipelines, ES-7, ES-11 to ES-13, 2-4, 2-12, 3-
1, 3-4, 3-5, 3-8, 3-10, 3-19, 3-20, 3-23, 3-
29, 3-34, 3-36, 3-39, 3-40, 3-42, 4-14, 5-2, 
5-17, 5-30, 6-1, 6-2, 6-8, 6-10 to 6-14, 6-17 

Poland, 2-13, 2-25, 3-13, 4-4, 4-6, 4-8, 4-18, 
4-26 

Policy Assistance, See Technical & Policy 
Assistance 

Polish Foundation for Energy Efficiency, 3-13 
Pollution-control Technologies, 2-18, 2-19 
Pollution Costs, See Externalities & Market 

Distortions: Environmental Costs  
Population, 1-5, 1-7, 1-9, 1-11, 1-14, 3-24, 4-

1, 4-7, 4-16 to 4-19, 5-1, 5-7, 5-9, 5-17, 6-7 
Portfolio Standards, 1-26, 3-9, 3-17, 3-22, 3-

36, 6-1 
Power Generation, See Electricity & Power 

Generation 
Pre-competitive, ES-9, 2-9, 2-23, 4-28, 4-29, 

5-3, 5-22, 5-23 
Research & Development, ES-9, 4-28 

Price Controls, See Externalities & Market 
Distortions 

Price Guarantees, See Externalities & Market 
Distortions 

Primary Energy, 1-5 to 1-8, 1-11, 1-12, 1-31, 
2-3, 4-7, 4-23, 4-32, 5-8, 5-24, 5-25, 5-30, 
6-4 

Private-sector, ES-1, ES-3 to ES-12, 1-2 to 1-
4, 1-24 to 1-27, 2-1 to 2-6, 2-9, 2-13, 2-18 
to 2-27, 3-1 to 3-9, 3-12 to 3-14, 3-19, 3-26 
to 3-28, 3-30, 3-33 to 3-38, 4-9, 4-17, 4-20, 
4-28 to 4-30, 5-3, 5-12, 5-13, 5-21, 5-22, 5-
24, 5-29, 6-1, 6-2, 6-5, 6-8, 6-13, 6-15, 6-16 

Privatization, ES-4, 1-27, 2-4, 2-6, 2-7, 2-20, 
2-21, 3-2, 3-3, 3-16, 3-19, 3-22, 3-26, 6-5 

PROCEL, See Brazil: PROCEL 
Production tax credits, ES-14, 1-26, 3-22, 3-

27, 3-28, 6-3 

Public Benefits Fund, ES-7, 3-16 to 3-20, 3-
22 to 3-25, 3-28, 3-30, 5-3, 6-2, 6-3 

Public Goods, ES-6, ES-13, 1-25, 1-27, 3-8, 
3-20, 6-17 

Public Transportation, See also 
Transportation, 4-18, 4-19, 4-22, 4-23 
Mass Transit, 4-16, 4-18, 4-19 
 

R 
Radioactive Waste Management, ES-11, 5-24, 

5-27 
RAND, ES-5, 2-9, 2-10, 2-11 
Rankine Cycle, 4-26, 4-27 
Ratings, See Codes, Labels, Ratings & Standards 
Refrigerators, 1-31, 2-13, 3-12, 3-27, 4-6 to 4-

10, 6-4 
Regional Development Banks, 2-23, 3-15, 3-

21, 3-26, 4-12, 4-15 
Renewable Energy, 2-8, 2-12, 2-14, 2-22, 2-

25, 3-35, 5-13, 5-14, 6-10 
Renewable Energy and Energy Efficiency 

Fund, 2-25, 3-35 
Renewable Energy Project Support Offices, 2-

14 
Renewable Energy Resource Assessments, 5-

13 
Renewable Energy Technologies, ES-10, ES-

15, 1-3, 2-8, 2-12, 2-17, 2-18, 2-23, 2-26, 3-
2, 3-7, 3-29, 3-30, 3-35, 5-2 to 5-16, 6-16 
Hybrid Systems, ES-8, ES-15, 4-20, 4-21, 

5-13, 5-15 
Renewable Portfolio Standard, 3-26, 3-29, 3-

30, 5-14 
Restructuring, ES-4, ES-6, ES-12, 1-3, 1-27, 

2-4 to 2-7, 2-21, Chapter 3 (all), 4-2, 4-23, 
4-28, 4-30, 4-31, 5-15, 5-24, 6-2, 6-17 

Rural Development, ES-10, 5-11, 5-13 
Rural Energy, 3-18, 3-22, 3-23, 5-13 
Russian Center for Energy Efficiency, 3-13 
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